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This new Vlodel 622 Series ol \\ eston Porta 
ble Eleetrieal Indicating Instruments re )- 






resents an outstanding achievement in 






instrument design, Ineluding both DC and 






AC types, instruments in this series are 





magnetically and electrostatically shielded, 





and are available in ranges and sensitivities 






for ordinary field and laboratory work, as 





well as for service demanding ultra-sensi- 






tivity, such as circuits involving thermo- 






couples, pyrometers, electron tubes, ete. 






The instruments are supplied in Bakelite 





cases of modern design, with large seale 






openings and increased length of scale to 






simplify accurate reading. All external con- 






nections are readily accessible. and in the 






multi-range units convenient switching ar- 






rangements have been made. In the A¢ 









metho thermocouple types, provision has been 
e serv; made for replacement of the vacuum ther- 
mocouple without exposing the movement 

You will want complete data on Weston 

son Model 622 Series. Bulletins are freely of- 






fered . . . Weston Electrical Instrument 


Corporation, 591 Frelinghuysen Avenue, 


Newark, New Jersey. 
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The straight line on the chart shows the 
constant temperature control you can ex- 
pect from the Taylor ‘‘Dubl-Response”’ 
System no matter where it is used. This 
refining control is only one of 
many applications. 


pea a difficult control job is made 
Li. to look easy by the Taylor “Dubl- 
Response” System. 

In a Texas Oil refinery a “‘Dubl-Re- 
sponse” Control was put to work 
maintaining the temperature in the 
reboiler of a gasoline stabilizing unit. 

Note the straight line above and judge 
for yourself how perfectly it kept the 
temperature in line, even with the changes 
you know occur in a stabilizer, such as 
composition,steam pressure,and feed rate 
Previously, control was attempted by 
maintaining a constant steam pressure, 
ind by manual adjustments which were 
necessary when the usual load changes 
took place. 


4 ROCHESTER, W.Y., U.S.A. 
TORONTO, CANA 


RECORDI 


DEGREES FAHR avs) SHY) 
a re 
- 


Ean 
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Actual results prove without doubt 


the precision of this most remarkable 
development in the history of process 
control. Its quick response—its amazing 
sensitivity—its precision valve control 
beyond anything known today—these may 
be hard to believe. They take place auto- 
matically as load changes occur. The 
records of service in some of the country’s 
leading refineries are proof that no oil 
man can pass by. Yes, the Taylor “Dubl- 
Response” Control System makes the 


hardest control jobs seem easy. 


‘Taylor 


Z Recording -« Controlling 








indicating 
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They want lo send YOu the 


new Bulletin 37R 





The “Dubl-Response wins are “First Re 
sponse” and “Second Response -% pif ing the 
two main features in the System 


Now they want to send you the story of 


oper ition 


their Control System in Bulletin 87R, valuable 
because it is really a treatise of technical inform 
ation on all types of controller howing the 
advantages and limitations of each type nd 
why the Fulscope and “Dubl-Response vere 
developed for the petroleum industry. A en 
did reference book. Just fill out the coupon and 


mail it to the Taylor Instrument ¢ 
at Rochester, N \ 

Manu 
facturers in Great Britain 


Short & Mason, Ltd London 


Toronto, Canada 





DUBL-RESPONSI rWIN 

» Ta wr Instrument ¢ mpanic 
Ar dtor i send “ 
Bulletin 37R witt f D I ( | 
Nam 
P t ( ] 
City 
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THE BROWN INSTRUMENT COMPANY 


On the occasion of its 75th Anniversary 


offers to industry a complete line of 


AIR OPERATED CONTROLLERS 


Combining maximum accuracy of control with sim- 
plicity of design and construction—providing an un- 
equalled ease of adaptation to process requirements 
—this new line of Brown Air Operated Controllers 
is the result of years of thorough research, design 
and field testing. Of particular interest is the new 
Brown AIR-o-LINE—more than a controller—a 
SYSTEM of control for temperature, flow, pressure 
and liquid level. Not only does this controller 
confine the process within limits, but it ‘lines out’ 
such control at the exact point required to maintain 
process equilibrium. 

Radically new is the simplicity of the means 
provided for “tuning in’’ the controller to the 
process, without interruption to automatic control. 


Since no one control system will satisfy the varied 


demands of present-day industry, three additional 
types of air operated controllers, with the same 
ready adjustments, are offered for less complex 
applications. 

With these new instruments added to a long- 
established line of electrically operated controllers, 
the Brown Instrument Company now offers to 
industry the most complete line of automatic pro- 
cess controllers available today. A line which 
represents 75 years of experience in the develop- 
ment of industrial process measuring and controlling 
instruments. 

For information write The Brown Instrument Co., 
4482 Wayne Avenue, Philadelphia, Pa. Offices in 
all principal cities. Canadian Factory: 117 Peter 
Street, Toronto, Ont., Canada. 











Learn how easy it is to “tune in’ the Brown “AIR-o-LINE”’ with your processes. 
Complete details and illustrations are given in Catalog No. 8900—Brown 
Air Operated Controllers.’’ 


SEND FOR CATALOG 


The Brown Instrument Company 
4482 Wayne Avenue, Philadelphia, Pa 











Gentlemen: 
Please send Catalog No. 8900—''Brown Air Operated Controllers."’ 
interested in the measurement and control of— 


We are 


Flow | Pressure Liquid Level 


C-) Temperature 
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New: A permanent photomicrographic record ji 
TRUE perspective is now possible with the B & | 
Ortho Stereo Camera. 


This instrument produces, photographically, magni- 
fied, stereoscopic views in true perspective— identical 
with the view which would be seen with the naked ey; 
were it possible for the eyes alone to produce a magni- 
fied image. Only those who have used the B & L Wid 
Field Binocular Microscope will be able to visualize thy 
realistic, three dimensional effect produced by th 
Ortho Stereo Camera. 




















Think of the untold value this new instrument wil! 
Instead of a plane 


image, you get length, 
width and depth with 
the Ortho Stereo outfit 
as with the AKW 
Microscope shown be- 
low. 


have in preserving lifelike, magnified images of perish- 
able specimens, in providing numberless duplicati 
images of rare objects, in providing easily handled 
records of objects which are difficult or impossible to 
file or preserve in their original condition, in preparing 
a classified file of stereoscopic pictures for referenc: 


and instruction. 


The outfit consists of a newly designed camera and 4 
special stereoscope for viewing stereograms taken 
with it. Write now for complete details. Bausch 4 
Lomb Optical Co., 615 St. Paul St., Rochester, \.) 


We make our own glass 


ss" Bqusch ¢ Lomb" 











PHOTOMICROGRAPHY + MICROSCOPY + COLORIMETRY «+ REFRACTOMETRY * SPECTRO APHY 
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\__ REASONABLE First cosy 


You can obtain accurate, reliable rec- 
ords at reasonable cost with Westing- 
house recording voltmeters and ammeters. 


Made in both circular and strip chart 
designs, Westinghouse recorders are avail- 
able for portable and switchboard use. 


CIRCULAR CHART, TYPE A 


The type A is fundamen- 
tally aswitchboard instrument 
with a 7-day or 1-day chart, 
but also may be obtained for 
portable use. It is simple 
mechanically yet amply ac- 
curate. Absence of delicate 
parts, together with high- 
torque measuring elements, 
makes possible extremely 
sturdy construction. Its cir- 


cular chart is easy to re- 
place. A slow-speed syn- 
chronous motor allows simple 
reduction gearing and longer 
clock life; an improved 
electromagnetic damper 
assures good records and 
greater simplicity. And 
most important, its mod- 
erate cost permits wide- 
spread use. 


STRIP CHART, TYPE U 


Where a low-cost strip chart 
recorder is desired, we recom- 
mend the type U, which is 
primarily a portable instru- 
ment but may be used for 
switchboard mounting. 

Many thousand type U 
recorders are now in ser- 
vice. It is recognized as 
the standard recording in- 
strument for voltage sur- 
veys, load distribution and 
general industrial applica- 


* * 


tions where graphic records 
are indispensible for econom- 
ical operation. Thetype U is 
available in a wide range of 
capacities to fill almost every 
need for recording a-c. or d-c. 
ammeters and voltmeters at a 
reasonable cost. Jt makes 
possible the obtaining of 
important data which 
otherwise would not be 
taken because of instru- 
ment investment. 


* * 


For more detailed information about these two recorders 
ask for C.S. 43-415, Type A Recording Instruments, and 
C.S. 43-405, Type U Recording Ammeters and Voltmeters. 
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Bring Your Instrument Problem | t 





HEADQUARTERS fk 
General Electric engineers 
will help you solve them 
O you need standard instruments? 
We can supply them — and j we 


Say // a 


Bene ew 


promptly, too, because many are carried 





in stock. Several of the types illustrated 


are comparatively new; and if you are Recording Instr 
(Bulletin GEA-; 


Small Pane ppetraments 
(Bulletin GEA-1239 . : ’ 
” tens interested in any particular type we can 


send a bulletin which gives complete 
details. 

Do you need standard instruments with 
slight modifications to meet your partic- 
ular requirements? Several times we have 
helped a manufacturer to adapt a 





standard instrument for incorporation in 
his product. The result was that he saved 


Galvanometers 


recisi >, nti tere ° . 
Precision Potentiometers money, gained added sales prestige, and Bulletin GEA 


(Bulletin GEA-1432) 
satisfied his customers. Perhaps we can 
help you in like manner. 

You may have need for special instru- 
ments, such as for measuring lightning, 
magnetism, insulation, noise, color, and 


speed. Instruments have already been 





designed for such unusual applications, 





and others can be developed if the need 


exists. Letusknowwhatyour problems are. Saaicaiaak Aisin 


Laboratory Standard Instruments : 
| (Bulletin GEA-1 


enon In many other ways, we feel that you can 
benefit by making General Electric your 
headquarters for electric instruments. 
You have at your disposal the facilities 
of our General Engineering, Research, 
and Instrument Laboratories, and also a 


nationwide sales and service organization 





that enables you to obtain prompt service. 





General Electric, Schenectady, New York. 
Rectangular Switchboard Instruments Medium-size Porta 
(Bulletin GEA-1758) Bulletin GEA 


430 
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EDITORIAL COMMENT 











In This Issue 


\Ithough not stated in the finally 
yproved draft of this month’s leading 
ticle, the new method described therein 
; developed by F. C. Rushing and 
: G. Baker, both of Westinghouse Re 
rch Laboratories—-and both modest! 


[he Tuve-Sprenkle “Authors’ Closure” 
wes a series which constitutes a dis 
net contribution to the metering of oils 
nd other viscous fluids. 


(he Manual of Instrumentation having 
ippeared serially in J/nstruments since 
January 1930, you may have noticed that 
me of its purposes is to establish ra 
tional classifications. In some cases, in 
struments that look alike have been as 
signed to different chapters or sections; 
n other cases, the hidden similarities of 
nstruments or systems (which appeared 
to be wholly different by reason of all 
revious descriptions and of all previous 
liagrams) are brought out by new word 
ngs of descriptions and by new dia 
grams, especially written and drawn for 
ur Manual with the hearty approval of 
rominent manufacturers. Sometimes, the 
nanufaeturers themselves have been sur 


prised 


R. R. Batcher completes his pair of 
ticles on deflection methods, prepara 
tory to discussing internal electrode 
rrangements next month. 


The front-cover photograph was re 
eived from the Illinois Testing Labora 
tories, makers of the engine pyrometer 
ised on the much-heralded Auburn stock 
nodel_ phaeton-sedan equipped with a 
Cummins Diesel engine which C. L. Cum 
mins drove coast-to-coast on less than $8 


for fuel 


ERRATUM 
On page 204 of our last issue, in the 
second ne under the first two equations, 
ri n (2)” should be “Equation 


Je 


It’s a Pleasure to Serve You 


HIS is the time of the year when inquiries pertain 
Ing to repairing and replacing instruments and me 
ters keep our staff busy looking up cards, making out 
individual lists, and copying questions to be transmitted 
to specialists outside this office. In spite of the rush, and 
although the employees who are not engineering gradu 
ates are highly competent, every inquiry is personally han 
dled by either the Managing Editor or by the Editor. It’s 
a pleasure to serve you, so if you have any questions on 
your mind, don't hesitate to send them in 

After six years of enjoying this pleasure, one notes a 
fairly definite frequency distribution of types of inquiries 
Therefore, a few bits of general advice are well worth 
repeating: 





Repairing or replacing “old” instruments. Depends on 
class, type, service, ete. A 30-year-old compressed-ait 
gage (required accuracy + 2%) may only need cleaning 
and the right lubricant; a year-old laboratory Standard 
ammeter (required accuracy 0.2% ) which was abused 
should be replaced. 

Repair cost vs. cost of new instrument. Unless repais 
costs are trifling, consider getting new instruments. In any 
event, have maker supply data on his new models. 

Trade-ins. It may pay to trade in a number of pertectly 
serviceable old devices for new models possessing im 
proved characteristics. This applies especially to auto 
matic controllers and auxiliaries such as air or clectric 
valve-operating devices, designed to cut processing costs 

“Bootleg” parts. These usually impair the sensitivity 
and accuracy of instruments. (Especially true of springs. ) 

Re-filling tube-systems. Unless the same quantity of th 
same fluid is put in under the same conditions, the scale 
law will be altered. Beware of unrecognized repair shops 
where vapor-pressure systems are “evacuated” by heating 
the bulb, where alcohol is substituted for nitrogen, where 
pressure-springs are dipped in acid to increase the defles 
tion, and where guess-work is inevitable for want of the 
maker's factory instructions 

Orifice plates, nozzles, Venturis and Pitot tubes. Don't 
let the average pipe-fitter touch these. Don’t even lect the 
flange bolts be loosened until instructions are at hand 
Forbid the use of files or abrasives. 

Mercury in manometers, etc. (elsewhere than in vacu 
um seals) requires periodical purification or replacement 

Second-hand instruments. If your financial overlords 
compel you to buy these, don’t buy them from othe 
sources than instrument makers who give guarantees 


Some day, we may compile a sort of guide made up of 
questions and answers. Meanwhile, keep on sending in 
your questions, for it’s a pleasure to serve you! 


M. F. BEHAR 
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A Rapid Method for Determini: 





and Correcting Unbalance 


F. C. RUSHING* 


1. STATEMENT OF THE PROBLEM 


LIMINATION of appreciable vibrations, and re 
duction of noise to nearly the threshold of audi 
bility, are being demanded in an ever-increasing 


tion dictates the price levels. A further d 


slow methods is the variability of the tin 


doing a good job (source of irritation to 


ment and skilled labor). 


Another frequent requirement is for det 





number of fields of manufacture. In engineering terms 
this demand necessitates a closer approach to perfection 
in the balancing of rotating parts. Consideration shows 
the specific requirement to be 
accuracy in the dynamic balance of each rotor at its op 
erating speed. This definite objective has heretofore been 
comparatively difficult in the quantity production of such 


products as household motor 
driven devices, office ma 
chines, shop equipment, au 
tomobiles, ete. It is in these 
very classes of products that 
one finds high-speed rotors; 
and with high-speed rotors 
both the requisite precision 
in determining the amount 
and position of unbalance, 
and the requisite accuracy 
in correcting it sufficiently 
to minimize noise and vibra 
tion, can best be attained 
by balancing at operating 
speed. The reason is easily 
demonstrated as follows: 
First, assume an_ ideally 
rigid rotor, its normal oper 
ating speed being either fast 
or slow. It is known that the 
total unbalance of such a 
rotor can be resolved into 
effective unbalance compo 
nents lying in two arbi 
trarily chosen planes per 
pendicular to its axis of 
rotation; hence by suitable 
increments or decrements of 
mass in these two planes the 
rotor can be balanced both 
statically and dynamically ; 


i.e., for any speed. Consider next a non-rigid rotor. The 
two-plane analysis applies equally here, but each solution 
applies only to one speed of rotation; amounts and posi 
tions of mass increments or decrements in the correction 
planes depend on the speed. Since no rotor is ideally 
rigid, since centrifugal forces are proportional to the 
square of angular velocity, and since asymmetrical dis 
tortions are present at high speeds in all rotors (and 
even at low speeds in long rotors and single-bearing 
rotors), the speed at which a high-speed rotor is to be 
balanced dynamically must not differ appreciably from 


its operating speed. 


Another element of the problem is that inspection time 
being charged as manufacturing cost, slow methods of 
determining and correcting unbalance are prohibitively 
expensive in those lines of manufacture where competi 


*Westinghouse Research Laboratories, 
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Fig. 1. Schematic sketch showing fundamental principle 
of Electro-Network balancing method. 


5} 


r.p.m. ). 


which the balancing speeds are from 600 


correcting the unbalance of a rotor in its oy 
at operating speed and with minimal exper 
The problem imposed on manufacturers 
public preference for silent and vibration|: 
having thus been expressed in specific er ring yr. 
quirements, the conclusion was obvious that 
solution called for balancing all rotors n 


which in turn 1 
development of 
combining (1) rapidity 
extreme accurai rf 
mination and cor 
suitability for | 
rotor at its opera 
(4) practicabilit 
ing large rotors in th 
bearings at oper 
and (5) physi 
ment in a simple appar 
to be operated 
labor in the case of 
production rotors and 
ior engineers in the cas 
large turbo-generator 

Item 5 could 
pressed in terms 
strument readings 
amount of unbalat 
of two correction 
to be indicated 
calibrated in 
ounces, and the 
the two requisit: iss 
crements or decré 
likewise to be shx 
operator by automatic | 
ers or their equis 

All five of the req 


ments are met | 


method described in this article, which wa: 
in the course of a year of experimental w 
Westinghouse Research Laboratories, follov 
months of trial applications to actual factory 
Successful applications of the new method 
made for small rotors from 114” to 3” dia 
medium-sized rotors up to 100 lbs. in weig! 
very large turbo-generator rotors. Speeds o! 
range from 1200 to 1800 r.p.m. (with one e» 


High-speed rotors are mounted in beari! 


bearings. 


ever constructed (weight 250,000 lbs.). 


to their own; very large rotors are balanced 


The new method was used with good resu 
11, 1935, in balancing the largest turbo-gen 


\ 








F COMPARISON OF EXISTING METHODS AND 
NEW METHOD 


methods in use for determining unbalance cor 


if 

yer he most primitive consists in flexibly mounting 

| rot. and adding or subtracting weight by trial until 

; ting or rotor ceases to vibrate during rotation. 
, js seldom applicable in quantity production and need 
a be discussed. 

Various types of Balancing Machines have been built 
for determining, without calculation but correctly, the 
mount and position of unbalance effect in each of the 

ection planes. In general such machines consist 


two Col 
' a flexibly restrained carriage, pivoted or effectively 
yivoted about an axis or point contained in one of the 
~orrection planes, in which the rotor to be balanced may 
he rotated; in combination with either: (1) an arrange 
ment for measuring the amount and phase with respect 
to rotation of the motion of 
this carriage; or (2) means 
of introducing a known un 
halance effect on the car 
riage adjustable or variable 
both in phase or in amount. 

The pivoted carriage com 
mon to all balancing ma 
chines has for its function 
the separation of the un 
balance components in the 
two correction planes. This 
is accomplished by having 
the pivot of the carriage lie 
in one of the balancing 
planes, so that any force 
caused by an unbalance in 
this plane is directed through 
the pivot and therefore can 
not affect the rotary motion 
of the carriage about the 
pivot. The distinctive fea 
ture of the new method is 
that no pivoted carriage is 
required. The rotor may be 
mounted in almost any way 
so long as the unbalance com 
ponents at both correction 
planes produce vibration of 
the rotor or mounting. This 
feature permits the balancing 
of rotors in their own bear 
ings, and otherwise allows freedom in mounting design 
not obtained with the pivoted carriage. 

The balancing at operating speed of high-speed rotors 
which distort asymmetrically) is difficult in a pivoted 
carriage because distortion in the carriage tends to dis 
place the point of actual pivoting from that intended, 
and because the large forces caused by the high-speed 
rotation of an unbalanced rotor in a pivoted carriage 
result in serious vibration problems. With the new 
method, no such carriage problem is involved, and the 
mechanical design may: be made that which is most 
suitable for rotation of the unbalanced rotor at the 
desired high speed. 

Although the new method was developed primarily 
with regard to balancing problems for which the pivoted 
Carriage is not suitable, it possesses features which make 
it desirable even for applications within the scope of the 
pivoted-carriage methods. Among these characteristics 
are: (1) Extreme simplicity of mechanical designs for 


various types; (2) Inherently high sensitivity obtained 





Fig. 2. Actual construction of rotor mounting and mag- 
netic pick-ups of balancing equipment. 


by not requiring the unbalance to vibrate the mass of a 
carriage; (3) Readings of unbalances for both eorre« 
tion planes made without mechanical changes: (4) Total 


insensitiveness to all building vibrations 
3. PRINCIPLES EMPLOYED IN NEW METHOD 


In the new method the pivoted carriage is re placed by 
a simpler mounting and an electrical circuit or network 
The functioning of this arrangement depends on the 
relation, which exists for almost any mounting, between 
the balance correction in one plane and the vibrations of 
any two given points of the rotor axis. The vibrations at 
two points on the axis are converted into two corre spond 
ing voltages by magnetic pick-ups (Fig. 1) similar to 
those employed for turbine blade and rotor vibration 
studies at the South Philadelphia Works of the Westing 
house Electric and Manufacturing Co. and described by 
R. P. Kroon in the Jun 
1935 Instruments. These 
voltages are placed on. the 
network in which the same 
relation obtains between 
them and a third voltage 
(produced by them in th 
network ) as obtains between 
the vibrations at the two 
given points of the rotor axis 
and the 
tion in one balancing plan 

Thus this third voltag 


corresponds in both phase 


unbalance Corre? 


and amount to the unbal 
ance effect at one correction 
plane; similarly, the third 
voltage of a second network 
corresponds to the unbalanes 
effect at the other correction 
plane, the input voltages to 
this second network being 
the same as those of the first. 
namely the pick up voltages 

The unbalance in one cor 
rection plane having been 
converted into a voltage pro 
portional to the unbalance 
and in fixed phase relation 
with it, the problem becomes 
simply that of measuring 
the value of this voltage and 


its phase with respect to the rotation of the rotor 


For quantity balancing of rotors, the rom.s. value 
instrument 


a. 
of voltage is measured with an ordinary a-c. 
calibrated in ounces of unbalance. The phase of the 


voltage, which corresponds to the position of unbalanc: 


correction, is indicated by having it time the flashing 


of a stroboscopic light, causing it to illuminate the rotor 
in that angular position in which the unbalance is oppo 
site a stationary pointer. ‘Th angular position of the 
unbalance is recognized by means of numbe rs or other 
identification marks printed on the rotor 


bh. For balancing rotors in their own pede ghals in the 


field these voltage measurements are made by thie se of a 


conventional a-c. potentiometer, or by the use of a com 
mutator with angularly adjustable brushes on the rotor 
shaft in combination with a d-c. instrument. These 


methods of measurement take a little more ime but 


do not require the use of thermionic tubes 


Methor of field ba 
motiot it two point ilong 


lations ha heer ed t : &7 
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Fig. 3. Equipment for balancing small rotors. See also frontis- 


piece opposite page 240. 


bk. DESCRIPTION OF TYPICAL APPARATUS FOR 


PRODUCTION BALANCING 


At this writing (August 1935) the new method, though 
not commercialized, has already found successful em 
bodiment in various forms of apparatus, all of which 
have been used with satisfactory results. The name 
“Electro-Network Balancer” has been proposed as a 
correct generic designation applying to any embodiment 
of the new method. Electro-network balancers may be 
classified according to purpose: (1) those permanently 
installed for quantity-production balancing and (2) 
those for field balancing. They may be classified also 
as to their method of use: (A) those which provide the 
bearings in which a rotor is to be balanced, and (B) 
those applicable to rotors in their own bearings. Still 
another classification is according to their applicability: 

i) those for small rotors, say 11,” to 3” diam.; (ii) 
those for medium size rotors, say, up to 100 lIbs., and 

iii) those for very large rotors. There will now be 
described an electro-network balancer classifiable as 
1-A-i. Much of this description applies to other types. 

Fig. 1 is a schematic sketch showing the physical 
essentials (for one bearing) of the fundamental prin- 
ciple set forth in the preceding section. Fig. 2 is a per- 
spective view of a rotor mounting and of the two mag 
netic pick-ups associated therewith, and clearly brings 
out all important features of design and construction. 
Each bearing pedestal and each pick-up is supported by 
1 pair of parallel spring steel strips permitting oscilla 
tion along a horizontal line perpendicular to the rotor 
axis. Each bearing pedestal is so associated with its 
pick-up as to form a system having one degree of free 
dom in a horizontal plane common to both systems and 
to the rotor axis. Throughout the balancing of a produc- 
tion lot of rotors the distance between the two correction 
planes remains constant, as do also the masses set into 
vibration, the elastic moduli of the supports, the genera 

f cal ] 1929), and by E | 
thearle ( Dynamic Balancing of Rotating Machinery in the Field,” 
Mi inical Engineerin October 1934). A commutator of the cam and 
1 contactor type is used for measuring phase and amount of an a-c 
voltage involved in field balancing by E, L. Thearle. A pivoted carriage 
t of balancing machine using the commutator method for measuring 


the phase and amount of an a-c. voltage was exhibited at the Century 
of Progress, 1933, by The Tinius Olsen Co 


Balancing,.”” Mechanica Enoineerw October 
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Fig. 4. Rear view of network cabinet 


tive characteristics of the pick-ups, ete. In 
work, all rotors of one lot are balanced 
speed. Thus all factors contributing to the 
tween the amount of unbalance in either pla 6 
resulting alternating e.m.f. are kept constan i 
tions of the apparatus shown in Fig. 2. Floor 

have no effect on the calibration, by reason of : oa 
of mounting. Striking with a heavy hammer t] 
base seen in Figs. 2 and,3 does cause the mo 
pick-ups to oscillate, but these oscillations h 
preciable effect on the instrument readings 
are of such great amplitude as to be clearly 
the operator—-who in such an event would 
wait for them to die down. 

The cabinet shown in Fig. 3 contains the n 
necessary power supply and control for the st: 
lamp shown in a reflector to the left, a cir 
indicating instrument for measuring amount 
ance, and switches necessary for convenient 0 t my 
There are three of these operation switches, as v) et! 
the right of the cabinet panel. The double swit: 
extreme right is an “end switch” which sele 
the other of the two networks for operation. ‘| vit 
the switch at the “right end” position the indicatio 9 
(instrument and stroboscope) apply to the B ilef 
correction plane; with the switch at the “left 
tion the indications apply to the left end. ‘I he 
switch is an “angle-amount switch” which p ‘ig 
output of whichever network is chosen by 
switch’ either into the a-c. instrument circ! 
the stroboscopic lamp circuit. To the left of th 
the “sensitivity switch” with which either of d 
cator seales of different sensitivities can be cl 

The dials shown on the cabinet are for use 
ing and calibrating the balancer for a particu! 
rotor. They will be described more fully later 

The rotors are rotated by a belt and a motor 
in Fig. 3. For facility in placing and removin 
belt lifter mechanism is provided, shown in | . 


position in Fig. 5. 


to 
5. PROCEDURE IN PRODUCTION BALANCI 


With the balancer adjusted for the particu! \ 
rotor the complete unbalance indication is o! 
follows (referring to Fig. 3; the switches ment 
those of the group of three at the right s 
panel): 
1. Press foot pedal to rotate rotor. 
2. Place “end switch” at “left end” position 
3. Place “amount-angle switch” at “amount” p 
read amount of unbalance at left end correctior 
instrument. 


a. 
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Fig. 5 Fig. 6. Equipment for field balancing of large rotors. At left, source of emf’s. 


t Place “amount-angle switch” on “angle” and = read the 

sition of unbalance opposite pointer with stroboscopic light 
Place “end switch” at “right end” and repeat amount and 

ngle readings, using appropriate position of the “amount 

ngle switch.” 

6. Release foot pedal to stop rotor. 

7 Press belt lifter lever and remove rotor. The sensitivity 

itch changes the sensitivity of the indicating instrument: for 

nall unbalance this switch is placed in the “small” position 

ind for large unbalance in the “large” position 


6. PROCEDURE FOR NEW ROTOR 


[he network constants, as set with the middle eleva 
ion dials shown in Fig. 3, depend only on the weight 
listribution of the rotor to be balanced. Therefore a 
given rotor design will always have the same network 
onstants, @.e., the same dial settings. With a rotor for 
which the dial settings of the production type apparatus 
ire unknown, they may be found with the following 
procedure : 
|. Balance the rotor by means of indications made with dial 
settings for any rotor. This operation requires a longer time 
than with the correct dial settings in that repeat runs are 
isually necessary (due to the inaccuracies introduced by in 
orrect dial settings) after the corrections as indicated are 
irried out. 

2. With the balanced rotor an unbalance is placed in the 
eft end correction plane and the “end switch” (see above de 
scription of Figs. 2 and 3) placed on “right end” position 
With the correct dia] settings and only the correct dial settings 
the instrument reads zero, since there is no unbalance in the 
right end. If the instrument does not read zero the two net 
vork adjusting dials are moved until it does. 

3. In a similar way the network for the left end is adjusted, 
é., With the “end switch” placed on “left end” and with an 
inbalance only in the right end. After the network dials are 
idjusted the dials at highest elevation (meter dials) are ad 
usted to give the correct instrument reading for known un 
balances in the two balancing planes 

rhe remaining four dial settings ( two dials corresponding 
0 each network) depend on the speed at which the rotor is to 
e rotated fer balancing. 

To set the dials for the field type of electro-network 
balancer (applied to the balancing of rotors in their own 
pedestals in the field) a perfectly balanced rotor is simu 
ited in the network by compensating for the initial 
oltages in the pick-ups due to the initial unbalance of 
‘he rotor. This is accomplished simply by applying the 
well-known a-c. potentiometric method: opposing volt 
iges by other voltages of equal frequency, form, phase 
ind value. The source of these standard voltages is the 
wmple arrangement shown in Fig. 6, comprising a cam 
shaft driven synchronously with the rotor, bearing thre« 
ms with each of which there is associated a magnetic 
pick-up whose phase is adjusted by one of the thre: 


large graduated rings seen in Fig. 6. Otherwise, tl 
procedure is the same as for the production typ 


equipment. 


7. CHARACTERISTICS IN DETAII 


1) Sensitivity and Accuracy A minimum unbalance 


of an amount sufhcient to cause the 
vibrate at 0.00005 amplitude ean be indicated. This 


; 


of the order of 0.001 ounce inch unbalance at one cor 


eCaArIng pede stals to 


rection plane of a2 diameter motor rotor. The accuracy 


of unbalance indication for unbalances of the order of 


0.05 ounce inch in a 2. diameter motor rotor is within 


2 ¢ 
3 /O error. 


(B) Summary of Features Contributing of ‘peed ol 


Indications 1) No driving motor speed adjustment 
required. (2) Readings for both unbalance corrections 
made in a single run without stopping rotor } Adjust 
ments for each rotor are not necessary before taking 
readings. (4) The readings are direct in) convenient 
units. Curves or calibration charts are not required. (5 
Errors of indication have been reduced to the point 
where a single run is usually all that is required. (6 
The machine is not hindered by building or floor vibra 
tions. (7) Changes in set-up from one type or rotor to 
inother can be quickly made, provided the dial settings 
for the new type are known 

C) Limitations of New Balancer | Phe vacuun 
tubes used may have to be re placed it the usua nter 
vals of 1000 hours’ service 2) Balancing at speeds be 
low about 900 r.p.m. is impracticabl 3) The determ 


nation of dial settings is not as obvious a procedure a 
that of resetting a pivot carriage type of balan 


machine, 


a) AUTOMATIE BALANCING 

The amount of unbalance in each plan t 
matically indicated, and its angular position being t 
matically located, it will no doubt occur to Instru 
readers that there are thus furnished the starting da 
of a typi il problem in ‘complete instrumentation l 
designers have not been unmindful of the possibilit 
having the equipment described control emery wl 
ete.. for subtracting weight in correct amount 1 at 
correct locations all automatically They reat don 
some experimenting along this line They ar fl 
engaged, however, in perfecting the several distin 
types of unbalance measuring equipme nt, ipon the con 


clusion of which work it will then be proper to dey 


types of unbalance correcting automata 
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is so accomplished in actual practice by puttir 
at the junction of the flanges and the pipe 
effectively prevent any leakage around the thre 
ter of fact, the filler type of design mentioned 
actually used in these experiments, the filler bei 
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Fig. 5 (new) 
L£QUATION WHERE 
mee , Rt. . 4° NERD wy FEET 
HE authors feel highly honored at the interest ey si kV AV * KINEMATIC VISCOSITY 
i manifested by the several discussers of their arti C * O/SCHAAGE COEFFICIED 
j . ; “eet > X = THE APPROACH FACTOR 
cle and hereby express their appreciation of the R* REYNOLDS NUMBER 
many ideas thus contributed to a subject which doubt r- J0000 
less will increase in importance as industry recognizes 
the need of accurate measurement of liquids of high | 20000 
viscosity. 
In particular are they appreciative of Ed S. Smith, 
Jr.’s splendid development of the empirical formulae 
which can be used to express the same data. While prop t—- 1/0000 
er use of these formulae undoubtedly depends some 2 — 
what upon the proper choice of operators, a little ex  «- F000 
perience will soon demonstrate that they are valuable \ 6000 
tools to use in the correlation of different sets of ex  ygeso 
perimental data on one common basis. Phey can also oo 
well be used for ready interpolation, especially for 
building tables for everyday use in commercial design + 3000 
work. The essential differences between the authors’ Fig. 
5 (a correct copy of which is reproduced - | 
. t : : tH 2000 
herewith as a direct comparison with Ed 
S. Smith’s Fig. 5A) is that Fig. 5 is based _— 
upon actual flow rates and with the use of bag 
an ordinary manometer or standard meas 
uring device, whereas Ed S. Smith’s Fig. 5A 
is based upon the indicated rate as shown 
by a meter having a specially shaped cam 
or bell which compensates for the variation 
of the coefficient from a flat line through + 9¢ N 
out the range of the meter. It was the Li NN 
authors’ intention in this article to confine NN 
the text to the characteristics of the orifice “ po Shy 
itself in the measurement of viscous flow, zg Case t 4° 8, 
ind not to bring into consideration any 4 - he 
means of mechanically compensating for : a <9) 
some of the variables encountered in viscous ‘i od 3 
flow measurement. It is, of course, evident s + 79 9% 
that such mechanical means can be, and in 
fact are, used in commercial meters as de 
scribed by Ed S. Smith and shown by his 
Fig. 5A, in order to minimize the correc 
tions for viscosity, density and flow rate. 
The basic corrections without readjustment 
are, however, as shown in the authors’ Fig. Approach Factor K 





M/NE P4AaT 





5. Nevertheless, the authors are inclined to 











agree with Ed S. Smith that such combined OMGRE 
correction curves are generally not safe to 30% 
use and that for commercial use it is better 40% 
to use separate curves for each variable. 3 
In all sincerity the authors disclaim any 507 
intention of inferring they were the first to establish ee Hy CO” 
the variation of orifice coefficients with Reynolds num- - 8 . 
bers. So much has been written in preceding literature mad 0% 
on the subject of variation of orifice coefficient with ‘is 75 7% 
Reynolds number for turbulent flow that any such claim ‘hed 30 % 
would have been entirely out of line. The intent of the = 
brief discussion of the Reynolds number as an operator 
was to attempt to clear up any misunderstanding as to ‘aed 
the true value and usefulness of the Reynolds number 
as a criterion and to discuss it in a straightforward and ie: 
sincere manner, bringing out both its good and its weak 
points. 
Prof. Carson’s objection to the type of orifice flange 
shown in Fig. 2 can readily be overcome and actually ~ o Fig. 8 
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vel, density and so on. The cut-and-try method of 


sia ie coefficients objected to by Carson can largely 
«a ted by the use of a nomogram or alignment chart, 
epical one of which was developed by V. T. Kartorie of the 


School of Applied Science for use in these tests and re- 
werewith as Fig. 8. As an example of its use, it is 
esired Lo use a 80% diameter ratio orifice to produce a head 
2 of oil having a kinematic viscosity of 0.000123. The 
m on the pivot scale of a straight line drawn be 


roduc 


erst 
ween the orifice size and maximum head furnishes a_ point 
rough which to draw a straight line from the kinematic vis 
ity scale to the scale expressing Reynolds number divided 
the product of the coefficient and the approach factor. In 


is particular example this value becomes 1000. Although a 
J] amount of cut-and-try is necessary in order to obtain 
e correct coefficient and Reynolds number from this expres 
in, it can easily be done from Fig. 3 of the article. 
It was not intended to recommend straightening vanes in 
mmercial installations unless the piping arrangements preced 
x the orifice were such as to need them. No data are available 
»our knowledge which show that viscous flow coefficients differ 
ith and without the use of straightening vanes, when the 
straight pipe preceding the orifice is of sufficient length to elimi 
te any disturbances set up by bends or combinations thereof 
Carson points out that the orifice thickness shou!d be a defi 
ite percentage of pipe diameter. This is true; further, this 
ickness should be proportional to the orifice diameter, as well 
sto the height of the orifice edge above the pipe surface, other 
ise called the orifice rim. For turbulent flow, the following 
specifications have been established by the Joint A.G.A. 
\.S.M.E. Orifice Committee: 
Thickness of the orifice plate at the orifice edge shall not exceed 
1) 1/50 of the pipe diameter, 
bh) 1/8 of the orifice diameter, 
) 1/4 of the orifice run. 
In the absence of any data to the contrary, the same limita 
tions could be applied as well to , 
the measurement of viscous flow. 





In our November 1933 issue (pages 201-206) we pub 
lished the original article on orifice coefficients for viscous 
liquids, representing three years of research by G. L. Tuve 
Associate Professor of Mechanical Engineering, Case School 
of Applied Science, and R. E. Sprenkle, Mechanical Engi 
neer, Bailey Meter Co. 

Discussions by Ed. S. Smith, Jr., by W. H. Carson and H. J 
Evans, by Ronald B. Smith, by C. E. Lucke and by Edgar 
Buckingham appeared in our August 1935 issue, pages 202 
205, 225. 











number, which would make interesting comparisons with pip 
line data when placed on Reynolds number basis 

Typical graphs of this type are shown in Fig. 9 for the 3 
50¢% and 80% diameter ratio orifices used in these tests, al 
plotted on the basis of the flow resistance coefficient agai 
Reynolds number. There will be noted a distinct overlappin 
of these resistance curves between Reynolds numbers of 200 to 
1000 for the 800% ratio, and between 1000 and 2000 for the 
50% ratio. These limits are the critical Reynolds numbet 
ranges for these respective diameter ratio orifice For the 
80% diameter ratio orifice the resistance curves are less wel 


defined, particularly in the range of critical Reynolds num 
bers. This may be due partly to lack of complete data bu 
mostly it is believed, to the great difficulty of obtaining sati 
factory calibration data for, and the consequent lack of stabil 
ity of, an orifice of this diameter ratio size 

At first glance, it might seem that the non-continuity of 
these resistance curves through the upper and lower critica 


teynolds numbers would cast an element of doubt on the ac 
curacy of the orifice discharge coefficient curve in Bi 


3 and 6 of the article, which are continuous throughout the 


entire range of Reynolds numbers. However, as Kretzschmet 
brings out!, a decrease in the Reynolds number through the 
critical range increases the contraction coefficient from approx 


















































































































































tonald B. Smith quite justly A q is | t t T-]-955 
calls attention to possible errors — | 
due to flexing the orifice plate ‘ ] herchtt frow IRASISTANCE 050 
- . ‘ see ’ . . . ~ — a . a, Sa — > = t VO 
inder_ stress. Undoubtedly this > COFFRICIEN TIS = 
matter would be of serious im- S for’ 
portance if the differential pres bn co GAD at a aka var } YT oags 
sures across the orifice plate c as = RES ot . 
ere in excess of 4 or 5 Ibs./in.2, © 5 —_ : 4 { = 
especially if these plates were of o"-2 i. oni ti Se 4 { + } tt 040 
pliable material such as_ brass. ly : 1 $815 I I Fe | } J 
~yYNnerimentc - > ‘ L , 4 . } } | } 
re yi a ges in 2 fc ae aS 4-7 ' | ‘ea ae . 
is paper, however, the differen . “J - Pll r T T t—T-].035 
A | I % s S i 9 S 10 ool me J + + t + + + + 
ial pressures never exceeded 2! > 30% DIA PATIO | Se ae 
or 3 Ibs./in.2 All but one orifice w at ao rt a a A SR 
were of monel which is a much & + re oat J + 7 a —_—_} =o + } fmt AF 
ues . 4 + ++ t t t t 
stiffer material than brass. In if ' | | { t I 
fact, the first year’s experiments 
vere all made with differentials 040 a a a 1 Tet TT | ed al 
rangir f = a t t-t t | 50), DIAM RATIO | | | he 
ranging from 6” to 35”; and +++ 1 t 1 bgt | $ 
} P + + + ‘am | t + 4 ? a 
iter, after the apparatus had | I {| ——-) t+ | 
een revamped to obtain larger 035 oe T = J {Tt et | ea ae 
differentials, no perceptible dif t os = 3 io er Ps a | eat 
ference between the data from — a: | eet | S 
the two series of tests could be 030 SS a — a } “ees tee ~ 
noted. If plate deflection took 1 4 or t.._{ 4 . 
place when operating at the high 25 , C a) 1 ia ES BE co 7s | | I <) 
er differentials, it was of such = TT T | a | a AE = 
}- Ld + + + + + 
small extent as could not be | | + +——+—+-+ t f +f 
a with the apparatus ,used 020\= ze 4 ote SAG ‘ean SH | me a "5 
Ti cA sete : } + + + + +—Tt < 
1 these tests. t a | it } j f = 
a ; } t | o 
The authors are indebted to = — 4 - 60-74 DIAM. \RATIO} + 5 + —T 
Dr. Lucke for hi : O15 a eff gt t- - t—+—-| 7” 
- Lucke for his suggestion re ¢ ee = ae Mell maa ' + tr + +-—-+- ¢ i 
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est data on a flow resistance carcino a + eae AS) a. BAILEY PETER CO 
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isis, Similar to that used in pre aes ae f Sana > ae ae ~— Cy TRVETAND,IOICY I 
sentin Pricti ee ie eahal ee a | ne } a 
. ng fric tion flow data for - (aS Ye an i No-101t a4 T : 
pipe nes. Such plotting would = . cs Sy) Le CS | +}, 
then show the upper and lower ,  . (04 adil 
critical values of the Reynolds Fig. 9 REYNOLDS NUMBER 
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imately 0.6 to a value approaching 1.00. This change in con kept open during the tests. Naturally, any possi! 


traction coefficient is so great (being nearly 66%) that it ment in the fluid passing through the orifice 
alone determines the value of the discharge coefficient and been detected, unless a glass pipe had been use: 
suppresses the effect of the flow resistance coefficient. This following the orifice. Such pipes were not ay 
allows the orifice coefficient to increase until it approaches a time, but would doubtless be of considerabk 
value of 1.00 for the high diameter ratio orifices where the tests so as to show the flow through the orifice 
contraction coefficient is nearly 1.00, whereupon the orifice per ther elaboration would consist of making micro; 
formance approximates that of a flow nozzle, with the discharge the flow under a beam of intense light, using a 
coefficient decreasing with decreasing Reynolds numbers. oil so as to improve the visibility. 

This theory is borne out by the works of all other experi As a matter of record, since several cont 
menters in determining orifice and flow nozzle characteristics brought out the point, all data in this article 
through low Reynolds numbers. So long as their results were the Reynolds number determined from the siz 
plotted on the basis of orifice discharge coefficient vs. Rey hole d and the velocity through the orifice. To c 
nolds number, smooth continuous curves were obtained from Reynolds number as based on the pipe line diam« 
the lowest to the highest values of Reynolds numbers, regard of the orifice, the following formulae obtain: 
less of the break in the resistance curves through the critical D d 
range. This is fortunate as it enables the designer and user R, R, or Ry R 
of orifices for commercial metering of various fluids to use d D (a) 


with certainty the coefficients of discharge for the diameter 


“eles a. : where R,—Reynolds number based on orific 
ratio size orifice required : 


' a as ' : velocity. 
anewer . anal ‘ry as : “C4 "eo 
n answer to Dr. Lucke's query as to what precautions were Ry Reynolds number based on pipe 


taken against air entrainment, two ‘steps were taken. First, velocity 

the air was worked out of the line and manometers by recir : 

culating the fluid, and by squeezing the connecting tubing to Kretechmer (The Eifect of Friction on the D 
the manometers. Then vents before and after the orifice were Nozzles and Orifices.) V.D.I. Forschung, Vol 
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felemetering an 
Totalizing 


By PERRY A. BORDEN and M. F. BEHAR 


Member A.I.E.I 
Continued 


5. Current Class. 
(a) Principle and Characteristics. 


As its name indicates, this class of systems 1s that in which the trans 
itted electric variable is a current (usually direct current). The value ot 
5 tran smitted current is a function of the measured magnitude: in som: 
ily systems* it was an inverse relation but present-day practice favors direct 
roportion: ality. (In systems designed for totalizing the i ae must of course 

e strictly linear.) 

When the original measurement has to be made with a relatively delicats 
strument, the use of contacts or electron tubes is necessary; whereas when 
the primary element is, say, a large float-and’pulley device, the transmitter 
sociated therewith may take the simplest form of variable resistor. Similarly, 
the transmitter proper takes many different forms in practice but it generally 
falls into one of two groups: (1) those designed to be associated with relatively 
jelicate primary measuring elements such as millivoltmeters, and (2) thos 
suited for use with relatively powerful primary measuring elements such as 
valve-position indicators. Therefore, the number of ways in which primary 
ind transmitting elements may be combined into serviceable transmitting sec 
tions is limited. 

Current-class systems having transmitting sections wherein the torque pro 
lueed by the measured magnitude is actually opposed and balanced by thi 
reaction in an electrical movement are particularly suited to the telemetering 
f electrical magnitudes. Systems wherein a spring is interposed between the 
deflecting element and the relay contacts, or where a “follow-up” device is 
sed, are particularly suited to position indicating and to applications such as 
pressure, liquid level, etc., where the deflection of the primary element is 
ittended with considerable force 
In a transmitting section of the relay type, the torque or deflection of th 
primary measuring element is matched by that of an element of the ammeter 
type (usually permanent-magnet moving-coil). Any deflection of the primary 
measuring element causes the relay mechanism to adjust a. current flowing in 
the circuit of the opposing element, and the result is that there flows in this 
ircuit a current representative of the measured magnitude. The relay system 
may embody definite contacts directly controlling the current through the 
wency of a motor-operated rheostat, or electron tubes may be used, thus 
greatly reducing the work of the contacts. The interconnecting line and 
receiving instrument are included in series with the circuit of the opposing 
lement; and, since the relay device keeps the current proportional to the 
torque developed in the measuring element, circuit resistance does not affect 
the performance so long as sufhcient voltage is available to force current of the 
lesired value through the resistance. 

Totalizing. So long as linear relationship is maintained between the current 
ind the measured magnitude, totalization may be accomplished by placing a 


number of independent transmitters in parallel and measuring their joint out 


ut on a single receiver. It is to be noted, however, that as the transmitted 
urrent increases the line voltage must rise, so that in totalizing a number of 
ircuits through a single transmitting line there is a limit to the system capacity, 


namely, the maximum voltage which the transmitters can supply. It will also 


he apparent that individual transmitters feeding into a common line will tend 


J. J. Linebaugh. Power-Limiting & Indicating System of the C.M. & St. P. Ry. General 
e Review, Vol. 23, April 1920, pages 292-306 


“Sixteenth chapter (XLIV) of Part Seven (Handbook of Industrial Electrical Measurement 


and Control) of Béhar’s Manual of Instrumentation. See editorial announcement of this series o: 
page A7 of November 1933 Instruments. Each chapter is subjected to a final revision shortly 
eiore its appearance in this serial form, in order to assure that the subject matter is thoroughly 
ip-to-date. This new book is not published serially in any other periodical. Entire contents copy 
right. To be issued in book form on or about Jan 1, 1936 
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iL O S Y N il to react On One another in the sense that if one . 
meet a changed value of the measured magnitude, the new va 


] 17 1 } { 1 ‘ 
flowing in the line will develop a new value of electromotiy 


Self-Synchronizing Motor nature of line drop. This will react upon other transmitter 
i 


so that, even though their measured magnitudes may not | 
' later abides capil al 
ation, their relay mechanisms will have to adjust themsely 
1 1 1 | ] 
into a circuit whose equivaient resistance has changed. Ma: 


current systems of telemetering have thus found it necessary 


“pumping” where two or more transmitters feed into a 
teceivers. Ammeter type receiving instruments are general] 
1 1 1 1 1 } 
course a number of them may De placed 1n series On a sing! 


| AUTOSYN. MOTOR 


I 





he : f iffecting one another’s indications 

transmitted over long lines (or over communication circuits) 

the order of milliamperes, so that in practice the receivers ar 
used to 


] : 1 
ammeters Alternatively, a potentiometer may De 





mitted current in terms of potential drop across a standard : 
Theoretically, current systems of telemetering may be used 
the receiver then being an ampere-hour meter, but in practice it 
the use of a milliampere-hour meter—not a commercially pract 
As Remote Indicating medi- meter—and therefore current systems when used for industria 
ums in connection with... gration are modified to permit the use of meters resembling ordi: 
meters ; 


TEMPERATURE... 


(b) Typical General-purpose Current Systems 





Westinghouse Current Systems 

In the original current-balance system introduced by the Wi 
in electrical measurement is performed by a Kelvin balance ty 
ment such as is employed in that company’s relay-type recorder ( 
ments, Jan. 1935). This element may be a voltmeter, an ammet 
meter. In any case its torque is directly opposed by that of 
movement acting upon the same deflecting member. The sch 
Fig. 44-1, brings out the principles employed. In Fig. 44 


Kelvin Balance Movement for A-C Circuit 
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And hundreds of applications where 
Remote Indications are desired. 
¢ Operates 32 volts A. C., 60 cycles, 
single phase ¢ Two or three Indica- 
tors may be operated from a single 


transmitter © Write for data. 


PIONEER INSTRUMENTS 
Pioneer Instrument Company Incorporated 
BROOKLYN, NEW YORK 


A Subsidiary of the Bendix Aviation Corporation - VO 


Fig. 44-2 Fig. 44-3 
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‘tered and sent over a communication circuit 


tting section, may be seen the coils K-K of the Kelvin balance 
ops a torque representative of the volts, amperes or watts undet 
it. The transmitted direct current passes through a d’Arsonval 
f which PM is the permanent magnet) which acts to oppose the 
the Kelvin balance. When the elements are out of balance the 
start the reversing motor M, adjusting the rheostat R and thereby 
or decreasing the current in the d’Arsonval element in a sense to 
sore balance. The receiving instrument (Fig. 44-3), which is supplied with 
t through the transmitting line, is a recording d-c. milliammetet 
ale graduated in the units measured at the transmitting section. 
In a more recent development of the Westinghouse current-balance tele 
system an electronic relay is employed, which eliminates the motor 
rheostat essential to the earlier form and also renders unnecessary an 
xiliary source of d C, supply. 

The Westinghouse “Pilotel” relay-type recorder (see Instruments, Feb 
35, page 42) is readily applied to telemetering: The torque of the measuring 
ment is balanced by that of a d’Arsonval element fed from a vacuum 
ircuit controlled in turn by a variable inductance coupler responsive to 
halance of torque between the elements. The resultant d-c. is transmitted 
the distant point, where it is indicated or recorded by instruments of the 


iliammeter type. 


The Westinghouse “Rectox” system of telemetering is a simplified method 
rein the output of special current or voltage transformers is rectified, 
It provides a relatively in 


nensive method of transmitting current or voltage measurements 


‘oneral Electric Current System. 


1 








The General Electric Co.'s ““Torque-balance” telemetering system embodies 
its transmitting section (Fig. 44-4 and -5) a measuring element and a 
training element coupled to a common shaft which also carries a mirror 


1935, 


Stic 


his mirror, as in the G.E. Photoelectric Recorder (Instruments, Feb 


ve 41) governs the distribution of light between two photocells. The moving 
rt has no control springs, the total force opposing the measuring torqu 


vi 


eing derived from the current which passes through the restraining element 
his current is transmitted through the connecting line and operates a receiy 
g instrument of the milliammeter type. 
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For the transmitting of voltage and current measurements, the General 
+ . 7 > 
Flectric Co. furnishes a system in which the secondary current of a special 


voilage Or current transformer is rectified in a full-wave rectifier tube and the 
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d-c. output transmitted to the receiving point, where it 

standard milliammeter type of movement. The system is so 

rectifier delivers approximately 25 milliamperes at full vol 
cti delivers approximately 25 milliamperes at full volta: 


the case may be, in the instrument transformer 
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Fig. 44-6. Left—Complete Esterline-Angus transmitting unit. | Prit L 
measuring element and d’Arsonval transmitting element. Right—Removal 
carrying the auxiliaries. 
Esterline-Angus System 
In the Esterline-Angus Co.'s telemetering equipment, provisior 
incorporating 1n the transmitting section any one OF a variety 
units (made by that company or by others). The transmitting sect (c) 
in Fig. 44-6 and its internal diagram in Fig. 44-7. The pri ‘ 
ing element is shown at D-12, and immediately above it a dA “3 
18 


ment D-11, carrying a contact D-20 which floats between tw 
deflecting member of the primary element. The output of a 4 


on the transformer D-1 is rectified by two three-element vacu 
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and D-3, the rectified current passing through the d’Arsonval mov 
and through the line to the receiving instrument, completing its cir 
the milliammeter D-18. As the reading of the primary measuring 
the contact D-20 engages one or the other of the contacts D-2 
either lowering or increasing the grid voltage, and correspondi 
the plate current through the d’Arsonval element D-11 until a st 
librium is restored and the contacts opened. Since there is n 
connection between the measuring element and the d’Arsonva 
the transmitter constitutes a true “follow-up” mechanism and is eq 
for transmitting measurements derived from high-torque and 
movements. 













































ide Lepeater. 
Asa imple of British practice in telemetering may be mentioned Mid 
of stant Repeater” produced by Evershed & Vignoles and marketed 
in this country by the James G 
Biddle Co. This is a telemetering 
ORIGINATING system of the current class, em 
psa Cor ACTOR ON MOVEMENT bodying a contactor type of pri 
ORIGINA , POINTER LO” 
. Z mary- and_ transmitting - element 
5 | follow-up and having the value of 
2} 

5) Z its transmitted current controlled 
d of wr 
2) AAs by a motor-operated rheostat. The 

| 
| 
‘ONTACTS ON 
CONTROL POINTER — 
> 2. 
\ Ya} COIL OF Fie. 44-8 )) | INDICATOR 
y CONTROL MOVEMENT ” } rm 
rf APY 
Tan ee 
thy 
r | ea 
3 RECEIVERS 
: 10 0C. 
5 | $-—e— SUPPLY operating principle will be under 
i) RESISTOR stood by reference to the schematic 
RESISTOR ARM diagram, Fig. 44-8. This system 








finds a wide application not only 
electrical 
transmis 
son of liquid level measurements and in general position indication. It also 

used in remote control and is regularly supplied in a form suited to the 





in the telemetering of 


TRANSMITTER 
measurements but in the 


° 


tering of ships. 


(c) Volt-ampere Telemetering System. 
An amplification of the current balance principle, applied in the remot 
easurement of volt-amperes,? employs at the point of measurement two trans 
itting elements, one connected to measure active-, and the other reactive 
mponent of the load. Each of these transmitters controls a current propor 
tional to the measured magnitude. A third unit, also located at the 
tation, combines these two currents in a Kelvin balance element comprising 
| two electrodynamic members on a common deflecting part, thus developing a 
torque proportional to the sum of the squares of these two currents, i.e., to thi 
im of the squares of the measured magnitudes. This torque is opposed by 
that of an electrodynamic element on the same deflecting part. The current 
lowing through this electrodynamic element is the remotely transmitted cur 
rent, and it is automatically adjusted to effect a balance. Since the balancing 
force is proportional to the square of this transmitted current, and since th 


sending 


torque so opposed is proportional to the sum of the squares of the measured 
iwnitudes, the transmitted current is proportional to the square root of the 
im of the squares of the active and reactive components: to the volt-amperes 
f the load. This system is capable of wide modification for the carrying out 
fa large variety of mathematical processes.“ 
A volt-ampere telemetering system as described above is commercially pro 
lueed by Westinghouse 


(d) Flow Meters Using the Current Principle 


A widely used method of measuring the rate of flow of fluid is to install in 
» pipe line an orifice or other device producing a differential head, and to 
nnect the upstream (high-pressure) and downstream (low-pressure) sides to 
manometer in order to measure the differential h, using the well-known re 
ition Q==C \/2gh to calibrate the manometer in terms of fluid quantity 

teQ. A mercury manometer with a float in one of its two chambers is com 
Witaedl the float actuating 2 pointer or pen-arm. For electrical telemeter 
g, direct use may be made of the variable h; the mercury level itself. There 

vill now be described two systems which do away with mechanical floats and 

nvert mercury level variations into variations of the current flowing in the 

nterconnecting line. 


: 

“nstruments, August 1929, Pages 291-292 

4] S. Patent No. 1,633,973. P. A. Borden. Jun 
instruments, December 1929, Pages 425-432 
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Republic 
In the Republic Flow Meters Co.'s system, Fig 


mercury in one of the chambers of the mercury manometer engages 

































leg of the core of a small transformer passes through one of 
chambers, so that the mercury forms a short-circuited sex 
core. The primary winding is supplied with alternating curr 
PRODUCTS of MERIT 
mi 2a LINE 
. . . xi on ge= DESERT 
oO of | { 
Continental Vacuum gauge re 4 rt | z= 
* for measuring pressures of os; = St 
10,000 to 0 microns. Direct & f 
reading electrically operated. j i 
; | | INDICATOR 
. 2 . : } 
Continental Vacuum Pow- t i 
* er Switches. Solenoid oper- == 
ated making contact in vacuum = 
chamber, variable speed, 2 
KVA capacity. iia 
° . . Fig. 44-9 
ig. 4 | 4 
Continental Cetron Photo = 
* Cells. The world’s finest. INTEGRATOR ] 
Thirty-five different types. , 
interconnecting line from the receiving st \\ 


variations in mercury level the equivalent ri 
transformer is changed, so that the current 
becomes a measure of h and hence of th 
Fig. 44-10 shows the actual form of a Baile) 
section: the primary coil is mounted on th 
a three-legged core-type 
ring is formed around this middle leg and 
coil. A wattmeter type of movement at th 
measures the line current and is graduated i1 
of flow. At the same time a registering 1 
a-c. watthour meter type may be placed in t 
provide an integration of the total flow 


] 
| 


transformer, and 


net 
HStru 


44-11, th 


the ends of a group of over-hanging steel rods of different length 


the terminals of a calibrated rheostat (actual form shown in Fig 
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charts, no acces- 
sories. 

New concentrated 
test mark and ease 
of operation per- 
mit unusually 
close and rapid 
temperature de- 
terminations. 

Stock Ranges 

1400° to 5500° F. 
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manometer thus introduces direct variations in t] 
of the whole line and governs the flow of cu 
circuit. The receiving instrument has a ratio-met 
meter movement similar to the crossed-coil type | 
ments, March 1934, Page 55) in which the rea 
current in the line is opposed by that due to th 





the pointer assuming a position representative of 
the two. Integration is accomplished by a met 
on the principle of a watthour meter, except that 
nent magnet is replaced by an electromagnet en 
the line, thus tending to eliminate errors due 
in the supply voltage. 


See our instruments in Booth I-10 at the 
National Metal Exposition, Chicago 


THE PYROMETER INSTRUMENT CO. 
103-107 LAFAYETTE ST., NEW YORK, N. Y. 
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See Article on Pages 228-231 
































Electromagnetic Deflection Method. fo; 





Cathode-ray Tubes ses 


R » engineer; cathor i 


ELECTROMAGNETIC DEFLECTION SENSITIVITY 

Although it is impossible to determine accurately 
the absolute calibration factor for electromagnetic 
deflection from a theoretical study, an analysis of the 
problem may be of interest. Any conductor carrying cur 
rent is acted upon by a lateral force when located in a 
transverse magnetic field. As previously shown, the 
cathode ray stream is equivalent to such a conductor 
and carries a current equivalent to e/’, where e and / 
have the same meaning as in the electrostatic deflection 
principles which were analyzed in the preceding article. 

The deflection due to the external field, 


d 14 acceleration ( time l 
current flux density ee 
Acceleration is equal to VB 
mass m 


The time factor has been previously discussed, and 
equals 1/}’, where | is the length of that portion of the 
electron’s path that is within the magnetic field. 

Substituting these values in (1) gives: 


eVBI ent 


d 
2mV 2mV 
The velocity V’ of the electrons is approximately equal 
to 6 10' \ £,, therefore 
, O19 BI 
( (2) 
\/ Be 


This value of d’ indicates the total deflection in centi 
meters found at the point where the ray emerges from 
the field. The actual curve of the path is a parabola, and 
the deflection is proportional to the square of the dis 
tance the ray has traveled in the field. From geometrical 
relations of such curves it will be found that a tangent 
to the curve at the point where the ray leaves the field 
is equal to 2d’ /I. 

Since the ray travels on in the same straight line, it 
eventually reaches the screen with a total deflection equal 
to 2L./1 times the deflection indicated by (2). Therefore, 
the total deflection 

0.298 BLL 
h (3) 
VE 

In the above analysis the assumption was made that 
the field had a constant intensity for the axial distance | 
and then dropped abruptly to zero. Such ideal conditions 
are rarely found with applied magnetic fields. In the 
case of the earth’s field, the intensity is constant over the 
whole length of the tube. 

Equation 3 has also been plotted as a nomographic 
chart, Fig. 1, used as follows: A line intersecting the L 
ind / scales at their respective values will intersect the 
center line at some point. Another straight line through 
this point and the FE, scale at the point corresponding to 
the anode voltage, will intersect (if extended) the h/B 
scale at the value that shows the deflection to be ex 
pected in centimeters per gauss. 

The power losses for a given deflection are much 
greater with magnetic control than with electrostatic 
control. Part of this is due to the increased efficiency of 
internal deflection plates over external coils. A compari 
son of the above equations with those in the preceding 
irticle will indicate that this relative difference decreases 


INSTRUMENTS 
Page 242 — Vol. 8 


By RALPH R. BATCHER 


applica 1 j 


alist, Hollis, L. I., N. ¥ 


as the anode potential increases. This 

portant consideration when great fluores 
is required with high electron velocities, 

applications, and when photographic re 
quired. Increasing the anode potential frou 
volts has a marked effect on the brillian 
electrostatic deflection sensitivity has bee) 


10% . the electromagnetic sensitivity to on 
MAGNETIC DEFLECTION COILS 


Practical considerations in the design of 
flection coils are, that greatest sensitivity 
with the minimum /F& drop in the coils. | 
measurements, some distortion (lack of lines 
B and the deflection) can be tolerated, but 
tative results are required, the field should 
cal about the axis of the tabe. 

Since the deflection coils are generally 


side the tube and not far from the anode, t! 


displacement required to produce screen-wi 
is rather small. Consequently, if the coils 
on a diameter of the tube, the field will be 

constant over the limited space near the ax 


in which the beam operates. The coils ar 


placed in planes parallel with a pair of int 


1Thompson. Magnetic Deflections. Phil 
09, pages 821-844 
2Perry & Chaffee. Measurement of m. Pi 


0, pages 904-918 
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for 


n which case eddy currents and magnetic 


J A ed in the latter may affect the field, unless 

plat ire non-magnetic and have high electrical 
z tional types of distortion come from the com 

| aad ix that is parallel with the axis of the tube, 
od fro ie opposing effect of the returning flux out 
if oil. The former might produce a small vari 

, a i velocity of the jet as it moves from one sidk 
t the r line to the other.* The latter effect pro 
: - inter-deflection having a value that is pro 
. the deflection. If the total deflection du 


: the field is small, neither of these items is important. 
ixial component of magnetic flux may produc: 


A large 
jortion due to changing the velocity of the ray and 


he rotation of the axes. This effect will be analyzed 
, jater article devoted to focusing. 

(he axes can be rectified by rotating the coils around 
tube as required. When both magnetic and electro 
tic deflections are used at the same time, it may be 
sirable to apply these fields to different points along 

path of the ray. 

Greater efficiency will be obtained by using a rectan 
lar winding form for the deflection coil construction. 
he length of the central opening may be three or four 


nes its width in which case the coils are mounted so 

at this long dimension is parallel with the axis of the 

tube. Figs. 2 (Westinghouse Elec. & Mfg. Co.) and 3 

‘an arrangement of the writer's) show examples of 
® ectangular coil arrangements. 


effect of this factor can be briefly summarized as follows: The 
lirection of the jet is toward the screen. The jet is deflecte 
entering the field (say, upward). It is then acted upon by ad 
forces due to this upward deflection; one along the axis of tl 
which only alters the axial speed) due to the cutting of tl 
| flux through the coils; and the other force-parallel to the 
coils—caused by the vertical movement of the jet through th 
field of the coils (the field parallel with the axis of the tube) 
the electrons enter the latter field, the deflection is opposit 
which later occurs when they leave the field, and the resulting 
tion would be balanced out if the deflection ensitivitvy wa th 


both points (which may not be true) 






Fig. 3 

















FIELD STRENGTH DETERMINATION 

In Equation (3) the factor Bre presents the avera 

value of the flux density through which the jet travels 

The actual value at various pomnts may vary over wid 

limits, and may even be negative at certain portions of 
the path of the rays 

In computing the value of B for a given set of coils 


the relation 


has often been used. However, the length of the flux 
path A can only bye roughly estimated. It m 1\ be shown 
however, that if each coil is cireular and has n turn 
(bound sufficiently close together into a small bundle so 
that a mean radius can be assumed for all the wires 
the field due to both coils at a point midway on the 
common axis is (where r and d indicate the length of thi 
coil radius and the distance between the coils respe 


tively, in centimeters 


It is to be noted that the direction of curvature for 
the value of gq changes at d rand the value of q at 
this point is substantially linear with respect to small 
movements of the point of reference. A system of coils 
whose radius is equal to the spacing will thus produce 


the most uniform field and the least distortion 


DEFLECTION COIL LOCATION 


For magnetic deflection when high frequencie ire 
applied, the two equal coils are pl iced on either de of 


the tube at right angles to one pair of deflection plat 


to prevent undue losses and distorted fields due to cir 
Although 


the charge which collects on the inner surface of the 


culating currents being set up in the plates 


tube usually acts as a shield, preventing the potential 
drop across the coils from producing false deflections, 
it often is desirable—as an additional precaution 0 


connect the coils in parallel. 
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It usually is necessary to maintain the normal poten 
tial of the coils with respect to ground at some definite 
value. That is, the deflection coil circuit should not 
“float” above ground potential. As previously mentioned, 
the anode and unused deflection plates should be 
grounded. 

Such coils energized with a battery may also be used 
to shift the axis of the curves in any one direction, to 
center the useful portion of the figure, or to permit the 
delineation of several curves normally superposed. 
Throwing a switch will make the shift quickly and accu 
rately to some predetermined location with this means. 
The advantage of this method over the use of a per 
manent magnet, is that the latter cannot be shifted just 
the right amount quickly and conveniently. Moreover, 
its field is not definitely confined, so that the shift is 
oblique to the desired direction. It should be remem 
bered that the deflections take place in a direction per 
pendicular to the axis of the coils. Fig. 5 shows a typical 
design of air-core deflection coil assembly, as constructed 
by the writer. 

Practically, deflection coils will never prove univer 
sally satisfactory for general use until cathode ray tubes 
are manufactured in which all deflecting plates and 
other electrodes are formed of non-magnetic materials. 
At present these elements frequently retain some mag 
netism, which interferes with focusing and causes the 
spot to seek a new “zero” location that is not in the 
center of the screen. 


DEFLECTION COILS WITH IRON CORES 
The question may be asked as to why the usual deflec 
tion coils are designed with an air core. The RCA tech 
nical bulletins have described deflection coil arrange 
ments with iron cores, in which the sensitivity is in 


INSTRUMENTS 
Page 244 


Vol. 8 








Fig. 7 On 
nd Cot 
dicating 
tempe! 
evel. ‘ 
“Air-0-1 

] 1 throttli 
. : $ Col 
coils sarge 

Fig. 8 per, 
control, 

creased possibly ten times. The curve and extreme 
of coils recommended for their 903 typ: aie 2. 
produced in Fig. 6. The greatest disadvanta ive 
arrangement is the ease with which the c then to 
permanently magnetized so that the spot docs not range ¢ 
turn to the original center after current of — 
passed through the coils, due to the retent rie 9. 
core. The use of Permalloy in the core should hel momete 
in this difficulty but actual tests have not been mad ire ay 
the author. However, a magnetic deflection s\ — 
with high-silicon steel which was thorough|\ py 
before assembly, is shown in Fig. 7. The deflection « F. and 
sitivity with an RCA 906 tube was a two-inc! trollers 
ment per milliamp. change, but the retentivity st a . 
disagreeable feature. The core was of large cross elie 
tion (34° 1”) to reduce the flux density. The coils in rang 
approximately 20,000 turns of No. 32 wir Bibs. /in 

A number of tubes have been designed for magne‘ In a 
deflection, i.e., without deflection plates. A commor es 5 
rangement is to constrict the tube at the desired } e the “F 
so that the air gap in the magnetic field from the def throttl 
tion coils is reduced, and a shorter magnetic r Throt 
path.* In order to be most effective, the internal d On th 
eter of this neck should not be much larger thar 


usual separation given deflection plates (Fig. 8) and 
the tube is somewhat more fragile. 
DEFLECTION DUE TO EARTH'S FIELD * 

The field of the earth will affect the norma! posit 
of the spot. Although this field is relatively wi of t 
order of 0.2 gauss) it affects the beam throughout 
whole length. The displacement is not large enoug 
however, to cause concern. Analysis will show 
the U. S.) if the axis of the tube is vertica spot 
will be deflected toward the East. If the tub: rotat 
on its own axis, the spot will remain statior f 
displacement from the center of the screen 
external fields. If the spot moves around with 
the chances are that the displacement is d 
aligned elements, or magnetized deflection pla 
port wires. Practical applications of the ul 
the deflection due to the earth’s field will be 
a later article. 





3Lubke. Frequenz electrischen Wellen Wechselstron 
fiir Elektrotechnik, Vol. 6, 1917, pages 161-164 
4Knipp & Welo. Measurement of the Earth's Fie 


fagazine, Vol. 32, 1916, page 381 





5Bruche. Experimente zu Stormers Polarichttheor 
Zeitschrift, Vol. 31, 1930, pages 1011-101¢ 

6Bruche & Ende. Fadenformige. sichthare Electronst 
fiir Physik, Vol. ¢ 1930, pages 186-191 
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Aiv-operated Controllers 


On its 75th anniversary, The Brown 
Instrument Company announces a new 
ind complete line of recording and in 
dicating air-operated controllers for 
temperature, flow, pressure and _ liquid 
level. Outstanding among them is the 
«Ajr-o-Line,” Fig. 1, with 1% to 150% 
throttling range and automatic reset. 
This control system is said to recognize 
and correct for the extent, rate and di- 
rection of departure from the control 
point. Thus capable of “full automatic 
control,” it will maintain a condition within 
extremely close limits. Principal feature: 
the simplicity of the means provided for 
“tuning in” the controller to the specific 
process characteristics without interrup- 
tion to automatic control. Throttling 
range and automatic reset dials are in- 
stantly adjustable with a screw driver, 
without removing the chart plate. (See 
Fig. 2.) Indicating and recording ther- 
mometer-type temperature controllers 
ire available for temperatures within 
limits of —40°F. and -+1200°F. Poten- 
tiometer-type controllers are available 
for temperatures within limits of —300 

F. and +3400°F. Two types of flow con- 
trollers and liquid level controllers are 
ilso offered: the inductance bridge type 
ind mechanical type. Indicating and re- 
cording pressure controllers are available 
in ranges from 30” Hg. vacuum to 3000 
lbs. /in.* gage. 

In addition to the “Air-o-Line,” three 
ther types of air-operated controllers 
ire included in the new line. ‘These are, 
the “Full throttler” (with 1% to 150% 
throttling range and manual reset), the 
“Throttler” (with 1% to 100% throttling 
range and manual reset) and the “On- 
Off Controller” (for 2-position service). 


Automatic Adjustable Orifice 


\ two-rate orifice announced by th 
Bailey Meter Co. automatically shifts in 
accordance with major changes in rate 
of flow, so that when installed in a pipe 
line and connected 
to a standard re 
cording and_ inte 
grating fluid meter, 
it greatly widens 
the measuring 
range of the meter 
It is similar in ap 
pearance to a hy 
draulically oper 
ated gate valve 
The gate, however, 
is a sharp-edged 
orifice segment 
(coefficients accu 
rately determined) 
which rests in 
either one of two 
definite 
by reason of mov 
able stops limiting 
the stroke of the 
hydraulic piston 
This piston is op 


positions, 


erated through 
the solenoid valve 
seen at the left of 
the photograph 
This valve is com 





manded by con 
tacts made in the recording meter when 
ever the differential across the orifice 
reaches a predetermined minimum = or 
maximum. Simultaneously with this auto 
matic change of capacity, the integrator 
drive is shifted to a second Warren mo 
tor so it continues accurately to register 
the total flow; and the contactor ener 
gizes also a small solenoid which operates 
an auxiliary recording pen to show the 
proper multiplying factor to be applied 
to the corresponding flow record on the 
chart. Under an increasing flow condition, 
the orifice shifts position at a higher rate 
of flow than it does on decreasing flow 
This overlap prevents constant shifting 
when the flow holds closely to the mid 
point. The metered fluid itself (if it be 
a clean, non-corrosive and relatively cool 
gas or liquid) can be used to drive the 
hydraulic piston. Ordinary city water 
can be used, too. 


Condenser Kit 


To facilitate the assembly of the Thor 
darson combined condenser capacity and 
leakage tester for which foundation unit, 
transformer, choke, potentiometer, knobs 
and other components have been avail 
able for some time past, the Aerovox 
Corp. announces a special kit of con 
densers, consisting of the seven Aerovox 
condensers specified by the Thordarson 
designers, of the exact capacities and 
voltages called for. 





RAWSON 


Whuitioetens 





D ¢ 
13 RANGES 


From 1 
Microamp 
to 1 Amp 

and 
20 Microvolts 
to 1000 Volts 


A C or D ( 
THERMAI 
13 RANGES 
From 
2 Milliamp 
to 1 Amp 
and 
60 Millivolts 
to 1000 Volts 





erma 
Dynamometer wattmeters, milliammeters 
and voltmeters Als tra sensitive meters 
both for A.C and De.. flux neters, elec 
trostatic voltmeters from full scale 126 
volts to over 20.000 volts, thern uples 
earth current meters, cable testers. flux 


meters, etc 


Special Apparatus Built to Order 


RAWSON 
ELECTRICAL INSTRUMENT CO. 
Cambridge, Mass. 


Branch: 91 Seventh Ave., New York City 
Representative: E. N. Webber, 
1217 Washington Blyd., Chicago, Ill 











A Multi-Range 
Instrument for the 


LABORATORY MAN 





RANGES 
0-5-25-100-250-1000 Volts A. ind D« 
0-1-10-100-1000 M.A.D.¢ 
.5-5,000,000 Ohms 
-OO1 to .1-1-10 Mfd 
1 to 100-1000-10,000 Henrys 


SHALLCROSS MFG. CO. 


COLLINGODALE PA 
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NO MERCURY 


IS USED WITH THE 





No. 37 
RECORDING METER 


It gives trouble free service and ac- 


curate records of 


FLUID FLOWS 


and 


LIQUID LEVELS 


—Extremely easy to install and can be 
calibrated for any differential pressure 
between 20 in. of water and 10 lbs. 


per sq. in. 


MOREY & JONES, Ltd. 


MANUFACTURING ENGINEERS 
Los Angeles, Calif. 


922-A So. Hemlock St. 

















For 
SPLIT-SECOND 
Timing 


STANDARD ELECTRIC¢ 


STOP CLOCK. It’s 


specity the 
ro 1! 
rugged, readable 


abs« ly accurate. Measures time 


to fractional units as small as 300th 
cor sired, Handy remote control 
switch enables its use in many instances 
where it would be undesirable to carry 
the clock in tl har Widely used and 
recom ‘ schools and industrial 


and research laboratories. Write for full 





The “STANDARD™ 


ELECTRIC STOP CLOCK 





The Standard Electric Time Co. 


SPRINGFIELD MASS 


Offices in Many Principal Cities 








Multiple-pen Recorder 
Developed originally for 
functioning of automatic telephone ex 
changes, the “Autelco” Multiple-pen Re 
corder announced by the Automatic Elec 
tric Cc 
“on-off” time operation recorder in man 
plants and 


studies of 


is suitable also for use as an 


ufacturing laboratories. It 


comprises 12 electromagnet-actuated s\ 





phon pens fed from a common inkwell, 
producing parallel records 1,” apart, on 
1 7” unruled strip chart driven at con 
stant speed by a synchronous motor and 
vear train. Records are of the “side jog” 
type, the lateral pen movement being ! 

Change gears permit chart speeds from 
25” per minute to 1” per day. Chart 
paper comes in 150-ft. rolls. Time marks 
may be produced thereon by connecting 
one of the pens to a source of timed 
impulses governed from a standard clock, 
or by operating two pens from a “Date 
ind ‘Time Recorder” whereby coded sets 
of jogs are produced which correspond to 
month-and-day on one pen record and to 
hour-minute-second on the other. “A.m.” 
ind “p.m.” code jogs can also be pro 
duced by proper pulses from the “Date 
device. The pen 
“A utelco” 


ind ‘Time” auxiliary 


magnets (adapted from = an 





relay) can operate the lig 
pens fast enough to recor 
curring at intervals 
trical groupings of pens 
ing the capacity of the 
to 30 operations: the first 
ing for final digits, th 
10” and the twelfth fo 
hook ups permit also the 
which 
“flow of water, air, ete 
concentration, speed, etc,’ 


variables, among 


ment measures 15! 


ind weighs approx. 30 


Dial Indicat 


Federal Products Coy 
“Model 866" Clear Visi 
ecator, with its 0.001” di 
0.1” apart; also “Model 9 





0.2” between divisions. This 


especially designed for i 
limited dial being quickly 

eye-wandering: the 
spots the zero point and m 


Inspr CT 


viation of the needle, so ¢] 


is done away with in rapi 





Stroboscope 
\ptly styled “Strobotac,” a portable 
(12 lb.) instrument announced by the 


General Radio Co. is an intermittent 
light-source stroboscope with a range ex 
tending from 600 to 12000 flashes per 
minute, the setting being by a vibrating 
reed fundamental calibration is 
made at any time by direct comparison 
with the 60-cycle a-c. supply which oper 
ates the device. Other When 


VW hose 


features: 





Tachometer 


the Strobotac is held in onc 

(Fig. 1) all controls are 

hand side. Tripod mounting 

for. Choice of three frequer 

(1) by knob reading in r.p 2 


external contactor to obtain al 
chronism with observed mec} 
by power-line frequency. Acc\ 
used for measuring an unk 





Is 
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Bell for Orsats 
n Draft Gage Co. announces 
esigned to replace the rubber 
Orsat gas analyzers. It con 
iting bell 
led with 
the bead. 
if the bell 
necessary 










; bat » which is 

E of ; r the 
t if the 
ment, 

wat 

f yr the 

Cs 1” for 

10 ana 


speed of opera 
instrument is 





yi 1¢€ 
d to be increased beyond 
t possible with air bags. 
efore rinning the test, 
d with the solutions stand | 


at the rings in the cap 
ar tubes, the bell is ad 
sted to stand even with Bion 
the top of the cup or up 
to 14” above the top, by 
olding the bell with one hand and with 
the other sliding the tubing over the 
single point adapter. To compensate for 
the contraction of the air volume in the 
bell by the solutions absorbing the oxy 
ven, a clearance of 34” is provided at the 
pottom of the cup. The cup is held in 
place by a clip and is easily detached 
for filling and draining the water. 











Field Rheostats 


Ward Leonard Electric Co. announces 
eld rheostats of new construction with 
wressed steel plate, which forms a light 
t rigid The element 
which the contacts are welded 
eloped in fused-on vitreous enamel. 
lhe steel shaft turns in a graphitized 
ronze bearing burnished to close toler 





base. resistance 


is en 














nees. All parts are keved and locked 
to slots milled across each end of the 

ift. The functions of current carrying 
nd contact pressure are separate. A 
rigid, hard copper contact arm is held 
gainst the contact by means of a large 
eat-treated coil spring. The contact arm 
is double-ended, giving a balanced con 
struction with almost 360° travel. Spac 
ings and creepage distances meet all re 
quirements for 600-volt service. Under 
vriters’ listing for all sizes. Unusual re 
lirements can be met. 


High-speed Counters 
For the ever increasing 
juired in testing, coil winding, and fast 
production machinery, the Durant Mfg 
Co. has brought out 5000 r.p.m. counters 
tted with ball bearings and embodying 
hew worm drive giving smooth opera 
on and continuous motion, said to elim 
inate sudden shocks or jerks within the 
mechanism. Energy 


speeds — re 





consumption — re 





quired for registering on these counte1 


being minimized, they are adapted to 
light - action recording. ‘The standard 
counters count one for each revolution 
of the drive shaft; other ratios can be 


provided. Rotation is clockwise or count 


er clockwise. The counters subtraet when 


reversed. The black digits on white back 


ground are easy to read. Drive shafts 
5/16” diam. extend 114” from the cass 
at end, top, bottom, front, or rear as 
specified. Both resetting and non-reset 


ting models are available 


Dial Micrometer 
Thinness and compactness distinguish 
the new “No. 23” dial micrometer an 
nounced by the B.C. Ames Co. It 


5 oz and is said to fit the vest pocket 


weighs 


is readily as a 
wateh. Its measur 
Ing capacity it 0.5" 
lo open or close 
the 14’ 


vils, the 


diam. an 

knurled 
barrel at the top 
with a 






is turned 
finger motion. of 
the hand holding 


‘ 
, the gage. The main 

dial is) graduated 

in thousandths and 

the main. hand 


revolu 


L, 


tion for a 0.1” 


makes one 


invil movement; the 


small dial is graduated in tenths and 
the small hand makes one revolution for 
the 0.5” e ip ity. The rustless case bears 


1 decimal conversion table on its back 








Control Pyrometer Drive 
For installations where its potentiom 
eter control pyrometers are to be used 
singly or in pairs, The Foxboro ¢ ompany 


has developed an improved type of motor 


drive unit, “Type H,” comprising a ball 
bearing enclosed motor ind 1 double 
worm and gear speed reducing system 


iD icked in lubricant 











THWING 
ASX PYROMETER 











| I \ 
pr 
py 
ture 1 I 
| et 
| 
} 
1! I ! to t} 
molten met i emperat 
eadir 1 S mynd 
| Mh } pyror 
vit} } he , 
‘ thie rr ¢ 
I 1 ] ’ \ 
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Thwing Instrument Company 


3323 Lancaster Avenue, Philadelphia, U.S.A 














for better 


UNIT HEATER 
CONTROL 


use 


ILBI 


THERMOSTATS 


Operate from any light socket up to 
motors at 
relay. 


14 H.P. 
A.C. without 


110 or 220 


volts 


Range 
55-90" F. 
sensitive 
to 14° F. 

Liquid 
expansion 


system. 





WILBIN INSTRUMENT CORP. 


40 E. 34th STREET NEW YORK 
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piri 
“ELECTROCELL" 
SELF-GENERATING DRY-DISC 
PHOTO-CELL 
Various sizes & shapes—Prices from $4 up 
Distributor for U. S. A 


DR. F. LOEWENBERG 


10 E. 40th St., New York City 














pecialists in neon tube light- 
ing; fluorescing white light 
tubes; ultra-violet radiation 
tubes; high voltage neon indi- 
cators. Stroboscope lamps. 
Spectral tubes of rare or active 
gases. 


GENERAL PHYSICAL LABORATORY 
509 Sth Avenue, New York, N. Y. 














Surface Temperatures 
The “Alnor” 







Stationary 

or 

Moving Combination Pyrocon 
Curved 

Surfaces Ideal for rolls, molds, 


plates, platens and 
plastic material temper- 
atures. 

Write for bulletin. 


/ illinois Testing Laboratories, Inc. 
142 W. Austin Ave. Chicago, Illinois 














BOYLE 


Write for Bulletin 
Illinois Testing 
Laboratories 
Incorporated 


142 W. Austin Avenue 
Chicago, !ilinols 














ELECTRICAL 
INSTRUMENTS 


METERS —PYROMETERS 
Sold, Rented, Calibrated, 
Rebuilt and Repaired 
Established 1910 


H. F. BYRAM 


28 Bathgate Pl. Newark, N.J. 
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Inspection Magnifier 

Many uses in connection with routine 
inspection and research work are listed 
in the announcement by K. G. Frank of 
the new “¢ ompound Inspect-O-Scope” 
which has a greater magnifying and re 
solving power than the simpler previous 
model. It consists of a condenser lens, 
in eyepiece lens provided with a vertical 
focusing screw, and a frame with per 
pendicular adjustments. The scale facili 
tates thread counting and other meas 
urement purposes Accessories an 
nounced include color filters and a flash 
light for use in dark places. Under nor 
mal light the condenser lens affords an 
unply illuminated field 


Paint Flow Regulator 

Binks Mfg. Co. announce’ the “47A 
Material Regulator” which permits con 
trol over paint con 
sumption in spray 
paint handling sys 
tems. Individual regu 
lators are installed at 
each point on the pipe 
line where a tap is 
taken off for a spray 
gun, and set by the 
paint superintendent 
with a key. It is said 
that paint viscosity 
once determined can 
be adhered to without 
interference by opera 
tors who like to add 
thinner to suit their 





own Convenience ; also 
that the regulator in 
sures better finish as 
the paint is always delivered under cor 
rect pressure ind is ipplied in proper 


thickness 


Interference Analyzer 
The Sprague Interference Analyzer 
unnounced by the Sprague Products Co. 
is said to make possible the prompt lo 
cation and elimination of all types of 
radio interference. It is connected into 
the circuit of the suspected electrical ip 





pliance Then, with cu 
serviceman’s portable 
different filter banks 
the circuit Dy means 
switch until the one j 
inates the noise most 
Analyzer aids also tho 
burners, etc., by enablir 
ind install the necessay 


then and there 


Watthour Meter stey’, 
Pocket Calcu 
Errors of computatior 
in the testing of watthon 
Standards, the routine 
many arguments prevei 
tion with “complaint te 
use of the Bangh Calcul 
by the Herman D. Steel ( 
of slide-rule measuring 
comprises a fixed envelo 
with openings on_ bot! 
former, whereby columns 
the envelope and slide 











proper relation for qui tie 
—_—_-—- + ss 
BANGH REVOLUTION AND PER CENT & acmane 
| . 
als sal yt 
331} 54 
“| enna rom resting . 
: —— ‘ 
oe ro “rr ve GEN ELEC = . 
aaa ex : 
=o | 20 416 
= me 
Sambaey — 
when 
STanDam . 
fuNs . 


There are no scales: thy 
data are all in the form of re 
said that only one setting of 
required for “complete inf 

ill sizes of each type of 
calculators are available, 

tain Standards with vario 
nations, and the complete 
practically ill meters used 
practice 


Small Oil Blast Circuit Breake: 
An oi! blast circuit bre py 
F K-42,” especially appli 
space is limited as in ind 
is announced by the Gener 
It is rated 600 amps, 751 
amps., 2500 volts; and 25, 
terrupting rating. All des 
manually or electrically o 
double ind triple-pole 
with all poles in a singl 
welded plate steel tank 


made for mounting dire 
panels, or in switch houst 
enclosed switchgear. Feat 

construction; silver-to-silv 
tacts protected by ircing 

blast baffles for high speed 
“Herkolite” bushings; inter 
ism with entire absence of ¢ 
ing parts. A complete line « 
including overcurrent trip « 
stantaneous and inverse t 
manually or electrically 0} 
ers), undervoltage device 
switches, steel supports, 


ivailable. 
























































YESTERDAY .001° 
TODAY .0001° 


ster’ 
. LIMITS ARE GETTING CLOSER 
Many of the limits long established in thousandths 
of an inch are being changed to ten-thousandths. 
This demands increased accuracy of jigs and fix- 
tures — machine tools must produce parts with 


greater precision. 


OHANSSON 


GAGE BLOCKS AND ACCESSORIES 


are the practical and economical solution to in- 
creased accuracy in your tool room or inspection 
work. They are real time-savers. Low prices for 
“B” quality Blocks — accurate to .000008 inch 


permit their use even in the smaller shops. 











see Manufactured and Serviced by 
Z FORD MOTOR COMPANY 
Johansson Division Dearborn, Mich. 
Setting amplifying gage with a combination SEE THE JOHANSSON DISPLAY AT THE 
of 3 Johansson Gage Blocks. CLEVELAND MACHINE TOOL SHOW. BOOTH A-20! 
Thermal-load Timer timer opens circuit 3 (controlling the Floor Model Blueprinter 
heating coil) and closes circuit 4 to LA 5 a5 \ 
The Walser Automatic Timer Co. an which a signal light or bell may be con R ae measles 
uinces that its standard “No. 80 Series” nected. When the heat in the appliance a aL.A9 Pr 
timers may now be equipped with a mag falls below the thermostat setting, the ig . 
etic coil and brake finger device to re thermostat will open the circuit to the 
i rd the operating time of heating ap magnetic coil. Signal lights or bells car a 
iances at definite temperatures. The be used in the heating coil circuit cue ‘ 
istration shows its application. In op indicate a closed circuit on the appliance : 
heating coil; also, in the thermostat cit 


Sreaker cuit to indicate that the heat has re 
i definite temperature: and i 


circuit to indicate that the timir 
il has expired 


Laboratory Stirrer 















4 new laboratory stirre 
offered bv the Chemi Pul 
lishing Co. of New York, Inc., 
i A 
é ~ 
; J 
| IS ud re t | 
ff sturd ell-bui ( 
sory Tt Making 
ions; dissolving d 
gums, gelatin, starch, ts, ¢ 
extracting crude dr g 
tration, the timer is set for any prede organ materials, et \ct 
termined time interval. This closes timer | by a shaded pol t . 
switch cireuit 3 to which the appliance | volt, 60 evele) it is 
eat oil lines are connected through capable of running 24 | 
relay. When the temperature reaches the to be non-sparking 
point at which the thermostat has been ~~ bv fumes and vapors. Spee 
set, the thermostat circuit controlling "varied by a_rheost t 
magnetic brake coil 1 is closed, thereby ordinary clamp holder or may be sere 
ifting rake 2 off the esc ipement wheel to a shelf or wall. The shaft 
ind a ing the timer to operate. After peller are furnished in chromi l 
$ é 






ng interval has elapsed, the or Monel 
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FOR RESEARCH 
and STANDARDIZING 
LABORATORIES 


PRECISION ELECTRICAL 
MEASURING INSTRUMENTS 


od 


DIRECT CURRENT 
POTENTIOMETERS 
AND BRIDGES 


5 


[EPPLEY | 
IHE EPPLEY LABORATORY, IN¢ 


NEWPORT, R.!I 








INSPECTION MICROS: )PE| 














M-128 Inspection Microscope. Designed 
inspection of flat, regular or irregular 
Ideal for the inspection of flat surfaces, print 
ing and textiles from wl 
moved and replaced without refocusing 


1ich the microscops 


The optical system comprises a dividabl 
objective and an achromatic eyepiece, the 
f which provides magnifications of 35x, 6( 
105x 

Both the microscope and the flashlight al 
from the housing for separate use. Suppli 


with a rubberized flannel lined carrying bag $17.00 


Complete details on request 


The Gaertner Scientific Corp, 
_§${fay_ 


1211 eatantonee @ 





Chicago, Illinois 
3 & 




















NOW READY 
New Cathode-Ray Amplifier 


| 


D. med primar use with cathode-ray 
sraphs, the new Type 714A Amplifier is 
excellent general-purpose laboratory ampiihet 


With an exceptionally flat characteristic (01 


les 
3 db down at 5 cycles and at 50,000 cycles), 


led 


age resistance-coupied pentode amplifcatior 
ll ga inuously adji r 20 
80 d 1 »m plete a pe 1 this at pli 
i lab« ratory 1 € 
W ed with either Ty 687-A or 
635-B EI Oscillographs th itivitv J 
ised 100 inche p i Ange 
\ ) K 
[ype 714-A Amplifier $190.00 


(In U. S. and Canada) 
Write for Bulletin EX-3509-I for complete details 


GENERAL RADIO COMPANY 
Cambridge Massachusetts 

















ROLLER-SMITH 
Type R Rotary Switches 


Instrument and Con trol 


These switches are recommended for all 
ment uses, also for use with all styles of 
breakers and other electrically controlled 
tus. They are easy to mount; simple and ri 
construction; all parts are accessible and 0} 


is unusually smooth and reliable. 


The line is complete. ’ Send for Cata 


OLLER-SMITH COMPANY 


[Electrical Measuring and Protective Apparatus 


MAIN OFFICE wo 
2132 Woolworth Bldg., NEW YORK Bethle 
Sales agencies in principal cities in U.S.A. and da 
. ; —— 
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wre ” 





Wa: 


More close 
e waste 
n progres 
and Gauge’ 


FEDER 


TE 


DETRO! 





No matter how intricate and 


exacting your relay require 


ments may be — we have the 








knowledée, experience, and 
facilities for producing a better 
and more dependable relay for 


its purpose. 


Write today for bulletins con- 





taining helpful and interesting 





data on relays. 



















This spring maintains the proper tens 





























S N_JUNIPER ST. “{eunco) PHILADELPHIA PA on the arm thus insuring against both 


rp. 


Hinois 
A. 





arcing and excessive weal resulting in 





longer life and smoother operation. | 





cause the spring itself carries no current 
| ithas no tendency to crystallize or harden 
This Rheostat is made in 1!.”, ioe 


and +” diameters, watt ratings 25 to 150 


and a wide range of resistance values 








BULLETINS 








Bulletin 11 111 you 
nicd nformatior on thi 
| /\ rhee 1a Ci} / 
lal describ 
} rh ifs \ / ii 









YY 2 


nN 
ths) 


WARD LEONARD 


CONTROLS » RESISTORS » RHEOSTATS 











Watch your 
PRODUCTION 
STANDARDS 


More closely duplicated parts, smoother assembly, 













WARD LEONARD ELECTRIC CO. 











waste, more customer satisfaction, is obtained 38 South Street. Mount Vernon. N. ¥ 
" progressive shops by using Federal ‘Indicators . P 
and Conges. Send for , : 
me | catalog 36 Please send me bulletins about 
FEDERAL PRODUCTS CORP. 
PROVIDENCE, R. |}. Name 
DIAL INDICATORS Line of Business 
and PRECISION INSTRUMENTS street 
DETRO! MUNCIE CHICAGO CLEVELAND NEW YORK City 
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BUYERS’ GUIDE 


to Devices for Measurement, Inspection, Testing or Control 


lf you are 
INSTRUMENTS, 


Company. Give 


write 


unabdie Tc 


find 
Intormation 


information 


what you 
Section, 


complete 


require 


section of 
Instruments Publishing 
of requirements. 


in This 





AIR METERS 
American Meter Co 
Bailey Meter (o 
George Sidney Binckley 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Taylor Instrument Cos 
ALTIMETERS 
J. P. Fries & Sons, Inc. 
Genera! Electric Co 
Taylor Instrument Cos 
ALTITUDE BAROMETER 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos 
AMMETERS—Indicating 
Genera! Electric Co 
Genera! Radio Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Westinghouse E.& M.Co 


Weston Elec. Inst. Corp 
Recording 
Bristol Company 


Brown Instrument Co. 
Genera! Electric Co. 
Pioneer Instrument Co. 
Roller-Smith Co 
Westinghouse E.& M.Co 
ANEMOMETERS 
Bristol] Company 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
ASPHALT TESTING 
APPARATUS 
Taylor Instrument Cos. 
ASTRONOMICAL 
INSTRUMENTS 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
ATTENUATION NET- 
WORKS 
General Radio Company 
Ward Leonard Elec. Co. 
AUDIO-FREQUENCY 


OSCILLATORS 
General Radio Company 
BALANCES 


Roller-Smith Co 
BALANCING MACHINES 
Genera! Electric Co. 
BAROMETERS 
Bristol Company 
J. P. Friez & Sons, Inc. 
Gaertner Scientific Corp. 
Taylor Instrument Cos. 
BATTERY TESTERS 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
BEARING TESTERS 
BEATING TESTERS 
Testing Machines, Inc. 
BIMETAL ELEMENTS 
W. M. Chace Valve Co. 
BOARDS: INSTRUMENT 
Bailey Meter Co. 
Bristol Co 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Westinghouse EF. & M.Co 
BOILER METERS 
American Meter Co. 
Bailey Meter Co 
George Sydney Binckley 
BRAKE TESTING 
METERS 
Rawson Elec. Inst. Co 
BRIDGES. ELECTRICAL 
ity, Inductance, Kelvin 
Resistance, Temperature, 
Wheatstone, Percent 
Genera! Electric Co. 
General Radio Co 
Reller-Smith Co. 
Shalicross Mfg. Co 
Thwing Instrument Co. 
CABLE TESTERS 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
CALORIMETERS 
American Meter Co 
Gaertner Scientific Corp. 
CAPACITANCE METERS 
General Electric Co. 
General Radio Co 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
CARBON DIOXIDE 
METERS 
Brown Instrument Co. 
Foxboro Co 
CATHETOMETERS 
Gaertner Scientific Corp. 
CENTER POINTS 
Ford Motor Co 
CHRONOGRAPHS AND 
CHRONOMETERS 
Gaertner Scientific Corp. 
General Electric Co 
General Radio Co. 
CLINOMETERS 
CLOCKS—Gage Board 
Brown Instrument Co. 
Bristol Company 
Foxboro Co 
Pioneer Instrument Co. 


INSTRUMENTS 
Page A10 — Vol. 8 


OILS 
Resistance, Inductance, 
Special 
Genera! Electric Co. 
General Radio Co 
Roller-Smith Co 
Shallcross Mfg. Co 
Ward Leonard Elec. Co. 
Westinghouse E.& M.Co 
COIL TESTING EQUIP- 
MENTS 


General Electric Co. 
Kurman Electric Co 
Roller-Smith Co. 
Thwing Instrument Co. 
Westinghouse E.& M.Co 
COLORIMETERS 
Bausch & Lomb Opt. Co. 
General Electric Co 
Thwing Instrument Co 
COMBUSTION CONTROL 
EQUIPMENT 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co. 
Pioneer Instrument Co. 
COMMUNICATION 
MEASURING 
INSTRUMENTS 
General Radio Company 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Shalicross Mfg. Co 
COMPARATORS 
Gaertner Scientific Corp 
General Electric Co. 
COMPASSES 
Pioneer Instrument Co. 
Taylor Instrument Cos 
CONDENSE RS—Electrical 
General Electric Co. 
General Radio Co. 
Westinghouse E.& M.Co 
CONDUCTIVITY METERS 
Indicating, Recording, 
Controlling 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
CONTOUR MEASURING 
PROJECTOR 
Bausch & Lomb Opt. Co 
CONTROLS, AUTOMATIC 
Combustion 
Bailey Meter Co 
Condensation 
Bristol Company 
Taylor Instrument Cos. 
Damper 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Feed Water 
American Meter Co. 
Bailey Meter Co. 
Bristol Co 
Brown Instrument Co. 
Foxboro Co 
Filter Rate 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Flow 
American Meter Co. 
Bailey Meter Co 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Humidity 
Bristol Company 
Brown Instrument Co. 
Forboro Co. 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Humidity & Temperature 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos 
Wilbin Instrument Co 
Lighting 
Westinghouse E.& M.Co 
Weston Elec. Inst Corp 
Liquid Level 
American Meter Co. 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Pressure & Vacuum 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Continental Elec. Co 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Pyrometer 
Bailey Meter Co 
Bristol Company 


Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Wilbin Instrument Co. 
Rate- Volume 

American Meter Co. 

Foxboro Co 
Refrigeration 

Bristol Company 

Brown Instrument Co. 

J. P. Friez & Sons, Ino. 

Taylor Instrument Cos. 

Wilbin Instrument Co. 
Specific Gravity 

Bailey Meter Co. 
Tachometer 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Pioneer Instrument Co. 

Westinghouse E.& M.Co 

Weston Elec. Inst. Corp 
Tomperature-Time 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

J. P. Friez & Sons, Inc. 

Pioneer Instrument Co. 

Taylor Instrument Cos. 

Wilbin Instrument Co. 
Thermometer 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

J.P. Friez & Sons, Inc 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Wilbin Instrument Co. 
Thermostat 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

|. P. Friez & Sons, Ino. 

Pioneer Instrument Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Wilbin Instrument Co. 
Time 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

J. P. Friez & Sons, Inc. 

Taylor Instrument Cos. 

Wilbin Instrument Co. 
Vacuum 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

(ontinental Elec. Co 

Foxboro Co 

Taylor Instrument Cos. 
Valve—Motor - Operated 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

Taylor Instrument Cos. 

Wilbin Instrument Co. 
Voltage A. C. 

Ward Leonard Elec. Co 
Water Level 

American Meter Co. 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

J. P. Friez & Sons, Inc. 

Pioneer Instrument Co. 

Taylor Instrument Cos. 
COUNTERS—Magnetic 

Thwing Instrument Co. 
Revolution 

Bristol Company 

Brown Instrument Co. 

Pioneer Instrument Co. 
Stroke 

Bristol Company 
CUBIC FOOT BOTTLES 

American Meter Co 
CURRENT RECORDERS 

Bristol Company 

General Electric Co. 

Roller-Smith Co. 
CYCLE CONTROLLERS 

Bristol Company 
CYCLE COUNTERS 

General Radio Co. 

Westingchouse EF & M.Co. 

Taylor Instrument Cos 
DEMAND METERS 
Gas 

Foxbero Co 
Electric: Indicating, Re- 
cording, Printing 

General Electric Co 

Westinghouse E.& M.Co. 
DIMMERS 

Ward Leonard Elec. Co. 
DIVIDING MACHINES 

Gaertner Scientific Corp. 
DRAFT GAGES—See Gages 
DYNAMOMETERS 

General Electric Co 

Rawson Elec. Inst. Co. 

Weston Elec. Inst. Corp. 
EARTH CURRENT 

METER 
Rawson Elec. Inst. Co 
Roller-Smith Co 


ELECTRIC TELEMETERS 
—See Remote Metering 
Equipment 

ELECTRIC WAVE 

FILTER SECTIONS 
General Radio Company 

ELECTRONIC METERS 
Genera! Electric Co 
General Radio Co 
Rawson Elec. Inst. Co 
Westinghouse E. & M.C« 

FAULT FINDERS 
Roller-Smith Co. 
Weston Elec. Inst. Corp 

FIELD RHEOSTATS 
Ward Leonard Elec. Co. 

FLASH & BURNING 

POINT TESTERS 
Taylor Instrument Cos. 

FLOW METERS 

indieating 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co 
Pieneer Instrument Co. 
Taylor Instrument Cos. 

indleating & Recording 
American Meter Co 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co. 
Foxbero Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 

Integrating & Recording 
American Meter Co. 
Taylor Instrument Cos. 

FLUE GAS ANALYZERS 
Brown Instrument Co. 

FLUXMETERS 
Rawson Elec. Inst. Co. 

FOLDING ENDURANCE 

TESTERS 
Testing Machines, Inc. 

FOOT-CANDLE METERS 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 

FREENESS TESTERS 
Testing Machines, Inc. 

FREQUENCY METERS 

indicating 
General Electric Co. 


Foxboro Co 

Taylor Instrument Cos 
Rain 

J. P. Friez & Sons, Inc 

Taylor Instrument Cos 
Recording—Distance 

Bailey Meter Co 

Bristol] Company 

Brown Instrument Co 

J. P. Friez & Sons, Inc. 

Pioneer Instrument Co 

Taylor Instrument Cos 
Strain 

General Electric Co 
Vacuum 

Continental Elec. Co. 

Genera! Electric Co 

Taylor Instrument Cos. 
Volume 

American Meter Co 

Brown Instrument Co 

Foxboro Co 
Wind 

Bristol Company 

Brown Instrument Co 

J. P. Friez & Sons. Tne 

Taylor Instrument Cos. 
GAGE BLOCKS 

Ford Motor Co. 
ACCESSORIES 

Ford Motor Co 
GALVANOMETERS 

American Meter Co. 

Brown Instrument Co. 

General Radio Co. 

Rawson Elec. Inst. Co. 

Roller-Smith Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Westinghouse E. & M.Co. 

Weston Elec. Inst. Corp. 
Mirrors 

Fish-Schurman Corp. 
GAS ANALYTICAL 

METERS 

Electrical 

Brown Instrument Co. 
GAS FLOW INDICATORS 

American Meter Co. 

George Sidney Binckley 
GAS LEAK INDICATORS 

Taylor Instrument Cos. 


West 


Split Core 
Roller 
Westir ‘i 
INSULAT TESTING 
EQuU! NT , 
Gener 
Roller 
Westing 
INTERFES 
Gaertn 
KEYS AN 
Genera 
LABORAT APPARA 
Fish-Sct n Corp ™ 
LABORATONY RHEO. 
STATS 


&} 
ETERS 


WITCHES 


General ft mpany 

Ward Le 1 Elec Co 
LACTOMETERS 

Taylor Ir ment Cos 
LENSES 

Bausch & Or 
LEVELS 
Engineer's, Wye, Precision 
Prism 

Taylor In 





NEW 
CATALOG 
READY 





LITTELFUSES for 
fuses, etc. 


instruments, 


auto and high voltage 
Get new catalog now ready. Write 


LITTELFUSE LABORATORIES 
4250 Lincoln Ave., Chicago, III. 





Roller-Smith Co. 

Westinghouse E. & M.Co. 

Westen Elec. Inst. Corp. 
Recording 

Bristol Company 

General Blectric Co. 

Westinghouse E.& M.Co. 
Standards 

General Radio Co. 
FRITTED GLASS 

Fish-Schurman Corp. 
FURNACE CONTROLS 

Bailey Meter Co. 

Bristol Company 

J. P. Friez & Sons, Inc. 

Taylor Instrument Cos. 

Wilbin Instrument Co. 
GAGES 
Absolute Pressure 

American Meter Co. 

Bristol Company 

Brown Instrument Co. 

Continental Elec. Co. 

Foxboro Co. 

Taylor Instrument Cos. 
Differential Pressure 

Bailey Meter Co. 

George Sidney Binckley 

Brown Instrument Co. 

Foxboro Co. 

Instrument Co. 

Taylor Instrument Cos. 
Draft 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

J. P. Friez & Sons, Inc. 

Taylor Instrument Cos. 


Bausch & Lomb Opt. Co. 
Fi 


ow 
American Meter Co. 
Bailey Meter Co. 
George Sidney Binckley 
Brewn Instrument Co. 

Liquid Level 
American Meter Cc. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxbero Co. 

J. P. Friez & Sons, Inc. 
Pieneer Instrument Co. 
Taylor Instrument Ces. 

Paper Thickness—Con- 

tinweus 
Thwing Instrument Co. 

Pressure 
American Meter Co. 
Bailey Meter Co. 
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The Auteleo 


Multiple Pen Recorder 


1 device for recording th fir durati 

and V¢ fle nee of electrica 0) Mechantea Y rations 
This newly pertected istrument consists essentia 
twelve pens individually controlled y small, compact 
magnets operated electrical] LP hese pens make their re 
ord simultaneously on a paper chart which pas 


a motor-driven drum beneath them 


The metal pens are light in weight and 
magnets instantaneous in their operation, so tha 
occurring at intervals of eve less tha one-tentl 
second are accuratel ind permanent recorded, Uhe 
strument can conseque tl record 1 tremende 
range of operations a d conditions such as 
of a wisp of smoke or the opera i 1 
sudden drop in air pressure or an increase i 
current consumption—in short, any operation whi 
be made to close an electrical circuit 

his rugged, compact recording instrum 
been applied to a startlingly varied range of dustri 
applications. If you will submit complete data, our te 
nical staff will assist you in working out specific ay 
tions of this multiple recorder to vo business. W 
suggest that vou write for literature deseribis 


product more 


Catalog 4057, just issued, describes lut Vultis 
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ELECTRIC SALES COMPANY 
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Indications are everywhere that in- 
dustry is at the threshold of an 
epoch-making expansion. There will 
be need for new and better instru- 
a need which Bristol’s new 
Flow Meter, Metameter and Elec- 
tric Indicating Thermometer are 
destined to meet in a growing num- 
ber of applications. 


ments, 


BRISTOL’S NEW FLOW METER 
for recording, controlling, in- 
tegrating and indicating flow 
of steam, gases and liquids 


Employing the widely accepted ori- 
fice and mercury manometer sys- 
tem of flow measurement, this new 
Bristol’s meets the demand for a 
rugged, accurate and_ reasonably- 
priced mechanical flow meter. Even 
under severe field conditions it can 
be counted on to give precision 
measurement. 

Important features are unique means 
for checking integrator, leak-tight 
stuffing box bearing, forged steel 
mercury chambers, welded joints, 
and accuracy unaffected by changes 
in mercury volume. Write for Bul- 
letin 425. 


BRISTOL’S NEW METAMETER 
for telemetering pressure, liquid 
level, temperature and motion 


When steam pressures, voltage or 
levels rise or fall at any place a few 


feet or a thousand or more miles 
from headquarters, Bristol’s new 
Metameter records it instantly. A 
12-inch chart keeps a continuous 
record of every fluctuation at the 
distant point. Any change from 


normal, whether alarmingly abrupt 
and large or minute and gradual, is 
immediately and permanently _re- 


corded. 


The durations and not the intensities 
of the transmitted impulses are pro- 
portional to the values measured. 
Only a simple two wire circuit is 
COMPANY, 
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needed. Where available, any exis. 
ing telephone line may be employed 
without danger of interference with 
or from the conversation 
line inductance or capacity. Writ 
for Bulletin 424. 


carried, 


BRISTOL’S NEW ELECTRIC 

INDICATING THERMOMETER 
for taking temperatures at a: 
many distant places as you lik: 


Accessibly installed at a central head- 
quarters, Bristol’s new Electric Indi- 
cating Thermometer indicates th 
temperatures at any number of dis. 
tant points. It does so with a pre: 
cision conforming to the highest 
standards of accuracy. The measur. 
ing elements or resistance bulbs are 
interchangeable. If one is accidental 
ly destroyed, it can quickly and inex- 
pensively be replaced by another 
Standardization at proper intervals 
keeps accuracy permanently constant 
Write for Bulletin 997. 
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